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ECG MACHINES7?/6v 10AH BATTS/24V 8A TX Ex 


government ECG machines! Measures 390X320X120mm, on the 
front are controls for scan speed, scan delay, scan mode, loads of 
connections on the rear including video out etc. On the front panel are 
two DIN sockets for connecting the body sensors to. Sensors not 
included, Inside 2 x 6v 10AH sealed lead acid batts (generally not in 
good condition), pcb's and a 8A? 24v torroidial transformer (mains in). 
sold as seen, may have one or two broken knobs etc due to poor 


storage. £15.99 ref VP2 
HYDROPONICS DO YOU GROWYOUR OWN? 


We havea full colour hydroponics catalogue available containing 
nutrients, pumps, fittings, enviromental control, light fittings, 
plants, test equipment etc Ring for your free copy. 


PC COMBINED UPS AND PSU tre unit has a total 


power of 292 watts, standard mother board connectors and 12 peripheral 
power leads for drives etc. Inside is 3 12v 7.2aH sealed lead acid 
battenes. Backup time is 8 mins at full load or 30 mins at half load. Made 
inthe UK by Magnum, 110 or 240vac input, +5v at 35A, -5vat 5A, +12v 
at 9A, -12v at .5A outputs. 170x260x220mm, new and boxed. £29.95 
Ref PCUPS2 

WINDOWS 95 CDassupplied with Hewlet Packard PC's these 


CD's have all the window files on them and were intended to be used to 
restore windows on a PC after a crash etc.£15 REF SX06 


ALTERNATIVE ENERGY CD, PACKED WITH 
HUNDREDS OF ALTERNATIVE ENERGY 
RELATED ARTICLES,PLANS AND 


INFORMATION ETC £14.50 REF CD56 


aerial photog raphy Kit This rocket comes with a buitt in 
camera! it flies up to 500 feet (150 m) turns over, and takes an aerial 
photograph of the ground below. The rocket then returns afely wh its film 
via its built in paracute. Takes standard 110 film. Supplied complete with 
everything including a launch pad and 3 motors (no film) £29.98 ref 
astro 


SATELLITE MODULATOR MODULES prices from 


just 9p Surface mount modulators full of components. Fitted with an F 
type connector and a uhf type connector. Pack of 100 £9.95 ref SS20 


PROJECT BOXES Another bargain for you are these smart 


ABS project boxes, smart two piece screw together case measuring 
approx 6"x5"x2" complete with panel mounted LED. Inside you will find 
loads of free bits, tape heads, motors, chips resistors, transistors etc. 
Pack of 20 £19.95 ref MD2 


REMOTE HEATING CONTROLLERS with 30a 
MAINS RELAY from just 99p These units were designed to be plugged 
into a telephone socket. You then called the phone and some how it 
turned the heating on. Each box contains lots of bits including a mains 
30A relay. pack of 20 £20 ref SS34 


PIR CAMERAsBuitt in cctv camera (composite output) IR 
strobe light,PIR detector and battery backup Designed to ‘squirt’ 
pictures down the ‘phone line but works well as 2 standalone unit. 
Bargain price £39.95 ref SS81J. These units are brand new modules 
designed to take ‘pictures’ of intruders and then transmit the pictures 
down the telephone line. The PIR detects the intruder, fires the strobe 
light this ensures a perfect picture even in total darkness. The picture 
is stored in memory inside the module and then sent by modem (nat 
included) down the telephone line. The units also have a nicad battery 
pack included presumably to maintain operation in the event of mains 
power failure. Output from the camera is standard bAv composite 
320x240 pixels with a 90x65 degree field of view, the picture quality is 
excellent.Each PIR also contains a video capture and compression 
unit. The infra red strobe has a range of 15m. The pir has a range of 
12m.Power requirements are 12v dc 400mA. Power supplies available 
at £5 ref SS80The units are supplied with connection details etc but we 
do not have any information on using the compression and capture unit 
or interfacing to modems etc. The units do have operational PIR’s, 
strobes and camera’s (camera is 12vdc and gives out standard 
composite 1v p-p video) how you adapt these to work together is entirely 
up to you!lRetail price for the units was in excess of £200 each sale 
price £39.95 ref SS81JPower supplies £5 ref SS80 


TELEPHONES ustinthis weekis ahuge delivery oftelephones, 
all brand new and boxed. Two piece construction with the following 
features- Illuminated keypad, tone or pulse (switchable), recall, redial 
and pause, high/low and off ringer switch and quality construction. 
finished in a smart off white colour and is supphed with a standard 
international lead (same as US or modems) if you wish to have a BT 
lead supplied to convert the phones these are also available at £1.55 
each ref BTLX Phones £4.99 each ref PH2 10 off £30 ref SS2 


3HP MAINS MOTORS Single phase 240v, brand new, 2 


pole, 340x180mm, 2850 rpm, builtin automatice reset overload pro- 
tector, keyed shaft (40x16mm)Made by Leeson. £99 each ref LEE1 


BUILD YOU OWN WINDFARM FROM SCRAP 


New publication gives step by step guide to building wind generators and 
propellors. Armed with this publication and a good local scrap yard 
could make you self sufficient in electricity! £12 ref LOT81 


CHIEFTAN TANK DOUBLE LASERS9S WATT+3 
WATT+LASER OPTICS could be adapted for laser listener, 


long range communications etc Double beam units designed to fit inthe 
gun barrel ofa tank, each unit has two semi conductor lasers and motor 
drive units for alignement. 7 mile range, no circuit diagrams due to 
MOD, new price £50,000? us? £199. Each unit has two gallium 
Arsenide injection lasers, 1 x 9 watt, 1 x 3 watt, 900nm wavelength, 
28vdc, 600hz pulse frequency. The units also contain an electronic 
receiver to detect reflected signals from targets. £199 Ref LOT4. 


MAGNETIC CREDIT CARD READERS AnD 


ENCODING MANUAL £9.95 Cased with flyleads, designed to 
read standard credit cards! complete with contro! elctronics PCB and 
manual covering everything you could want to know about whats hidden 
in that magnetic strip on your card! just £9.95 ref BAR31 


Hi power 12v xenon strobe variable rate flasher modules 
and tubes £6Useful 12v PCB fitted with contro! electranics and a 
powerful Xenon tube! just apply 12v DC to the input and the tube will 
flash. On the board is a small potentiometer which can be used to vary 
the flash rat! PCB measures just 70x 55mm and cauld be incorporated 
into many interesting projects! £6 ref FLS1 Pack of 10 is £49 ref FLS2 






MAIL ORDER TERMS: CASH, PO OR CHEQU 


(ACCESS, VISA, SWITCH, AMERICAN EXPRESS) 








Hydrogen fuel 
cells now in stock 


Our new Hydrogen fuel cells are 1v at up tp 1A output, 
Hydrogen input, easily driven from a small electrolosis 
assembly or from a hydrogen source, our demo model 
uses a solar panel with the output leads in a glass of salt 
water to produce the hydrogen! Each cell is designed to be 
completely taken apart, put back together and expanded to 
what ever capacity you like, (up to 10watts and 12v per 
assembly. Cells cost £79 ref HFC11 


We get over 8,000 
hits a day..... 


check us out! 


http://www.bullnet.co.uk 


PHILIPS VP406 LASER DISC PLAYERS, 
SCART OUTPUT, RS232 CONTROLLED 
£24.95 REF VP406 

SMOKE ALARMS Mains powered, made by the famous 


Gent company, easy fit next to light fittings , power point. Pack of 5£15 
ref SS23, pack of 12 £24 ref SS24 


4AH D SIZE NICADS pack of 4£10 ref 4AHPK 


ELECTRIC FENCE KIT Everything you need to build a 
42vdc electric fence, complete with 200m of fence wire. £49 ref AR2 
SENDER KIT containsaii components to build a A/V transmitter 
complete with case £35 ref VSXX2 

10 WATT SOLAR PANEL Amorphous silicon panel fitted 


in a anodized aluminium frame. Panel measures 3' by 1’ with screw 
terminals for easy connection. .3°x 1° solar panel £55 ref MAG45 
Unframed 4 pack (3'x1') £58.99 ref SOLX 


12V SOLAR POWERED WATER PUMP rertect 


for many 12v DC uses, ranging from solar fountains to hydroponics! 
Small and compact yet powerful. works direct from our 10 watt solar 
panel in bright sun. Max hd:I7 ft Max flow = 8 Lpm,1 5A Ref AC8 


£18.99 

SOLAR ENERGY BANK KIT 50x 6x12" 6v solar 
panels(amorphous)+50 diodes £99 ref EF 112 
PINHOLE CAMERA MODULE WITH AUDIO! 


Superb board camera with on board sound! extra small just 28mm 
square (including microphone) ideal for covert surveillance. Can be 
hidden inside anything , even a matchbox! Complete with 15 metre 
cable, psu and tv/vcr connnectors. £49.95 ref CC6J 


SOLAR MOTORS Tiny motors which run quite happily on 


voltages from3-12vdc. Works on our 6v amorphous 6” panels and 
you can run them fram the sun! 32mm dia 20mm thick. £1.50 each 


WALKIE TALKIES 1 MILE RANGE £37/PAIR REF MAG30 
LIQUID CRYSTAL DISPLAYS Bargain prices, 
20 character 2 line, 83x19mm £3.99 ref SMC2024A 
16 character 4 line, 62x25mm £5.99 ref SMC1640A 
40 character 1 line 154x16mm £6.00 ref SMC4011A 


YOUR HOME COULD BE SELF SUFFICENT 
IN ELECTRICITY Comprehensive plans with loads of info 


on designing systems, panels, control electronics etc £7 ref PV1 


LOW COST CORDLESS MIC 500 range, 90- 105mhz, 
115g, 193 x 26 x 39mm, 9v PP3 battery required. £17 ref MAG15P1 


AUTO SUNCHARGER 155x300mm solar panel with diode 


and 3 metre lead fitted with a cigar plug. 12v 2watt. £12.99 REF 
AUG10P3. 


SOLAR POWER LAB SPECIAL 2x6"x6" 6v 130ma 


cells, 4 LED's, wire, buzzer, switch + 1 relay or motor. £7.99 REF 
SA27 

SOLAR NICAD CHARGERS 4 x Aa size £999 ref 
6P476, 2 x C size £9.99 ref 6P477 


§.25" FLOPPY DISKS. pack of 500 disks £25 ref FDi 
REGISTER FOR OUR 
ELECTRONIC NEWSLETTERS 
BULL-ELECTRICAL.COM 


250 PORTLAND ROAD, HOVE, SUSSEX . 
BN3 5QT. (ESTABLISHED 50 YEARS). 


WITH ORDER PLUS £4.00 P&P PLUS VAT. 


24 HOUR SERVICE £6.50 PLUS VAT. 
OVERSEAS ORDERS AT COST PLUS £3.50 


phone orders : 01273 203500 
FAX 01273 323077 
Sales@bull-electrical.com 
















30 WATTS OF SOLAR POWER for just£69, 4 
panels each one 3'x1' and producing 8w, 13v. 
PACK OF FOUR £69 ref SOLX 

200 WATT INVERTERS plugs straight into your car 


cigarette lighter socket and is fitted with a 13A socket so you can run 
your mains operated devices from your car battery. £49.95 ref SS66 


THE TRUTH MACHINE Tells if someone is lying by micro 
tremors in their voice, battery operated, works in general conversation 
and on the 'phone and TV as welll £42 49 ref TD3 


INFRA RED FILM «" square piece of flexible infra red film that 


will only allow IR light through. Perfect for converting ordinary torches, 
lights, headlights etc to infra red output only using standard light bulbs 
Easily cut to shape. 6” square £15 ref IRF2, 


33 KILO LIFT MAGNE Tneodynium,32mm diameter with 


a fixing bott on the back for easy mounting. Each magnet will lift 33 kilos, 
4 magnets bolted to a plate will lift an incredible 132 kilos! £15 ref 


MAG33 


HYDROGEN FUEL CELL PLANS 1 oacs of information 
on hydrogen storage and production. Practical plans to build a Hydrogen 
fuel cell (good workshop facilities required) £8 set ref FCP14 


STIRLING ENGINE PLANS Interesting information pack 


covering all aspects of Stirling engines, pictures of home made 
engines made from an aerosolcan running ona candle! £12 ref STIR2 


ENERGY SAVER PLUGS saves up to 15% electricity 


when used with fridges, motors up to 2A, light bulbs, soldering irons etc. 
£9 ea ref LOT71, 10 pack £69 ref LOT72. 


12V OPERATED SMOKE BOMBS type 3 is a 12v 


trigger and 3 smoke cannisters, each cannister will fill a room in a very 
short space of time! £14.99 ref SB3. Type 2 is 20 smaller cannisters 
(suitable for simulated equipment fires etc) and 1 trigger module for 
£29 ref SB2 Type 1 is a 12v trigger and 20 large cannisters £49 ref 
SB1 


HI POWER ZENON VARIABLE STROBES usetu' 


12v PCB fitted with hi power strobe tube and contro! electronics and 
speed contro! potentiometer. Perfect for interesting projects etc 
70x55mm 12vdc operation. £6 ea ref FLS1,. pack of 10 £49 ref FLS2 


NEW LASER POINTERS 4 5mw, 75 metre range, hand 
hetd unit runs on two AA batteries (supplied) 670nm. £29 ref DEC49J 
HOW TO PRODUCE 35 BOTTLES OF WHISKY 


FROM A SACK OF POTATOES Comprehensive 270 


page book covers all aspects of spirit production from everyday 
materials. Includes construction details of simple stills. £12 ref MS3 


NEW HIGH POWER MINI BUG witha range of up to 


800 metres and a 3 days use from a PP3 this is our top selling bug! 
less than 1“ square and a 10m voice pickup range. £28 Ref LOT 102. 
IR LAMP KIT suitable for cctv cameras, enables the camera 
to be used in total darkness! £6 ref EF 138 


INFRA RED POWERBEAM nandheia battery powered 


lamp, 4inch reflector, gives out powerful pure infrared light! perfect for 
CCTV use, nightsights etc. £29 ref PB1. 


SUPER WIDEBAND RADAR DETECTOR cetects 


both radarand laser, XK and KA bands, speed cameras, and all known 
speed detection systems. 360 degree coverage, front&r 
earwaveguides, 1.1"x2.7"x4.6" fits on visor or dash £149 


LOPTX Made by Samsung for colour TV £3 each ref SS52 
LAPTOP LCD SCREENS 240x175mm, £12 ref $S51 
WANT TO MAKE SOME MONEY? STUCK 


FOR AN IDEA? We have collated 140 business manuals that 
give you information on setting up different businesses, you peruse 
these at your leisure using the text editor an your PC. Also included is 
the certificate enabling you to reproduce (and sell) the manuals as 
much as you like! £14 ref EP74 


HIGH POWER DC MOTORS, PERMANENT 


MAGNET 12 - 24v operation, probably about 1/4 horse power, 


body measures 100m x 75mm with a 60mm x 5mm output shaft with a 
machined flat on it. Fixing is simple using the two threaded bolts pro- 
truding from the front. £22 ref MOT4 


INFRA RED REMOTE CONTROLS made for Tvs 
but may have other uses pack of 100 £39 ref IREM 


io Online 
eb catalogue 


a se bull-electrical.com 
ELECTRONIC SPEED CONTROLLER KIT For 


the above motor is £19 ref MAG17. Save £5 if you buy them both 
together, 1 motor pilus speed controller rrp is £41, offer price £36 ref 
MOTSA 


SONY STEREO TV CHASSS assemblies comprising 


complete TV PCB excluding tube and scan coils. Nicam stereo, mains 
input. Appear to be unused but sold ‘as seen’ Would probably be good 
for spares or as a nicam stereo TV sound receiver and amplifier. 
For KV29F1U and KV25F1U(BE3D) PCB no's 1-659-827-12 
1-659-826-14 1-711-800-11 £20 ref STV1 


RCB UNITS Inline IEC lead with fitted RC 
breaker. Installed in seconds. 

Pack of 3 £9.98 ref LOT5A 

RADIO CONTROLLED CARS etc No remotes but 


good strippers for servo's motors and receivers. Sold as is, noreturns, 
mixed types. £3 each ref RCC2 


VOICE CHANGERS bold one of these units over your 


phone mouth piece an you can adjust your voice using the controls on 
the unit! Battery operated £15 ref CC3 
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Projects and Circuits 


LOOP AERIAL SW RECEIVER by Robert Penfold 636 
Discover the thrill of making your own radio with this simple Starter Project! 
VARIABLE DUAL POWER SUPPLY by Tony Sercombe 646 
Fully variable from +3V to +15V up to 500mA, and short-circuit proof 

CHILD GUARD by Tom Webb 662 


Helping to protect your loved ones, an audible warning sounds if children 
(or others) approach a fire 


INGENUITY UNLIMITED hosted by Alan Winstanley 668 
Theatrical Cue Light; Morse Practice Oscillator; Keypad Code Controller; 
Intercom/Baby Listener; TV Test pattern Generator 


8-CHANNEL ANALOGUE DATA LOGGER - 2 by John Becker 688 
How to use this highly versatile PIC16F877 micro-controlled design 


a e Series ano ‘Fea Euves 


NEW TECHNOLOGY UPDATE by lan Poole 640 
Optical phase-shifting helps photolithography reduce chip sizes 


POWER GENERATION FROM PIPELINES TO PYLONS - 2 





by Alan Winstanley 652 
Concluding our on-site tour of electrical power generation and delivery 
PRACTICALLY SPEAKING by Robert Penfold 660 
A novice’s guide to capacitor types and chcices 

PRACTICAL OSCILLATOR DESIGNS - 3. Armstrong, Meissner, 
Franklin and Butler, plus R.F. probes by Raymond Haigh 678 
Worked examples and circuit info for hands-on constructors 

CIRCUIT SURGERY by Alan Winstanley and lan Bell 693 


Transducer User; Photo-sensor; R.M.S. — Stand by for the Maths; 
Powerless to Help 


NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 699 
Desoldering Guide; Zoom through the Hayes; Big-Footed E-mail for Life; 
Virus Updates 


/Kegulavs and Services 


EDITORIAL 635 
NEWS - Barry Fox highlights technology's leading edge 643 
Plus everyday news from the world of electronics 

READOUT John Becker addresses general points arising 649 
SHOPTALK with David Barrington 672 
The essential guide to component buying for EPE projects 

ELECTRONICS VIDEOS Our range of educational videos 675 
CD-ROMS FOR ELECTRONICS 676 


Parts Gallery + Electronic Circuits and Components; Digital Electronics; 
Analogue Electronics; p/us PiCtutor, plus Modular Circuit Design; 
see also Direct Book Service pages 





BACK ISSUES Did you miss these? 686 
DIRECT BOOK SERVICE 696 

- A wide range of technical books available by mail order, plus more CD-ROMs 
© Wimborne Publishing Ltd 1999. Copyright in all PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 700 


drawi hot h d articl blished ; : 
“id geal aa SREOICAL ELECTRONICS/ETI "e PCBs for EPE projects —- some at “knockdown” prices! Plus EPE software 


fully protected, and reproduction or imitations in 
whole or in part are eaireasiy forbidden. ADVERTISERS INDEX 704 


INE EM AIA BE EIT Bs AES IS SER, ALLS OLED TT I DEL ENC GIES A BP IE ES A TT A a I AAT IIT TIE EDT EAD GE EIEN: PORE ERNIE OT EEN 
Our October ’99 issue will be published on Friday, Readers Services @ Editorial and Advertisement Departments 635 
3 September 1999. See page 627 for details. 


Everyday Practical Electronics/ETI, September 1999 625 


Visit our website 


www.distel.co.uk 





Converts your colour monitor into a QUALITY COLOUR TV!! 





The TELEBOX is an attractive fully cased mains powered unit, containing all 
electronics ready to plug into a host of video monitors or AV equipment which 
are fitted with a composite video or SCART input. The composite video output 
will also plug directly into most video recorders, allowing reception of TV chan- 
nels not normally receivable on most television receivers* (TELEBOX 
MB). Push button controls on the front panel allow reception of 8 fully tuneable 
‘off air’ UHF colour television channels. TELEBOX MB covers virtually all televr 
sion frequencies VHF and UHF including the HYPERBAND as used by 
most cable TV operators. Idea! for desktop video systems & PIP 
(picture in picture) setups. For complete compatibility - even for monitors without 
sound - an integral 4 watt audio amplifier and low level Hi Fi audio output are 
provided as standard. Brand new - fully guaranteed. 

TELEBOX ST for composite video input type monitors £36.95 
TELEBOX STL as ST but fitted with integral speaker £39.50 
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification, 
*For cable / hyperband signal reception Telebox MB should be con- 
nected to a cable type service. Shipping on all Telebox's, code (B) 


State of the art PAL (UK spec) UHF TV tuner module 

with composite 1V pp video & NICAM hi fi stereo sound 

Outputs. Micro electronics all on one small PCB only 73 x 160 

x 52 mm enable full tuning contro! via a simple 3 wire link to an 

IBM pc type computer. Supplied complete with simple working pro- 

gram and documentation. Requires +12V & + 5V DC to operate. 

BRAND NEW - Order as MYO00. Only £49.95 code (B) 
See www.distel.co.uk/data_my00.htm for picture + full details 


All units (unless stated) are BRAND NEW or removed from often 
brand new equipment and are fully tested, aligned and shipped to 
you with a full 90 day guarantee. Call or see our web site 
www. distel.co.uk for over 2000 unlisted drives for spares or repair. 


3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only £25.95(B) 
3%" Mitsubishi MF355C-D. 1.4 M yee laptop £18.95(B) 
5%" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE £18.95(B) 
5%" Teac FD-55F-03-U 720K 40/80 tor BBC's etc) RFE £29.95(B) 
5%" BRAND NEW Mitsubishi MF501B 360K £22.95(B) 


Table top case with inte rae, PSU for HH 5%" Floppy/HD £29.95(B) 
8” Shugart 800/801 8" SS refurbished & tested £210.00(E) 


8” Shugart 810 8" SS HH Brand New £195.00(E) 
8” Shugart 851 8" double sided refurbished & tested £260.00(E) 
8" Mitsubishi M2894-63 double sided NEW £295.00(E) 
8" Mitsubishi M2896-63-02U DS slimline NEW £295.00(E) 
Dual 8" cased drives with integral power supply 2 Mb £499.00(E) 


2%" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £79.95 
2%" TOSHIBA MK2101MAN 2.16 Gb laptop (19 mm H) New £89.50 
2%" TOSHIBA MK4309MAT 4.3Gb laptop (8.2 mm H) New£105.00 
2%" TOSHIBAMK6409MAV 6.1Gb laptop (12.7 mm H) New£190.00 
2%" to 3%" conversion kit for Pc's, complete with connectors £14.95 


3%" FUJI FK-309-26 20mb MFM I/F RFE £59.95 
3%" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95 
3%" CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00 
3%" QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE £49.00 
5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95 
5%* SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95 
5%" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 
5%" HP 97548 850 Mb SCSI RFE tested £99.00 
5%" HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8" NEC D2246 85 Mb SMD interface. New. £199.00 
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00 
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00 


Many other drives In stock - Shipping on all drives is code (C1) 


MITS. #e FA3445ETKL 14” Industrial spec SVGA monitors £245 
FARNELL 0-60V DC @ 50 Amps, bench Power Supplies £995 
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy £1850 
1kW to 400 kW - 400Hz3 power sources - ex stock £POA 
IBM 8230 Type 1, Token ring base unit driver £760 
Wayne Kerr RA200 Audio frequency response analyser £2500 
IBM 53F5501 Token Ring ICS 20 port lobe modules £750 
IBM MAU Token ring distribution panel 8228-23-5050N £95 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550 
ALLGON 8360.1 1805-1880 MHz hybrid power combiners £250 
Trend DSA 274 Data Analyser with G703(2M) 64 Vo £POA 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500 
Marconi 2022C 10KHz-1GHz RF signal generator £1550 
Marconi 2030 opt 03 10KHz-1.3 GHz signal generator,New £4995 
HP1650B Logic Analyser £3750 
HP3781A Pattern generator & HP3782A Error Detector £POA 
HP6621A Dual Programmable GPIB PSU O-7 V 160 watts £1800 
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675 
HP54121A DC to 22 GHz four channel test set £POA 
HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900 
HP A1, AO 8 pen HPGL high speed drum plotters - from £550 
HP DRAFTMASTER 1 8 pen high speed plotter £750 
EG+G Brookdeal 95035C Precision lock in amp £1800 
View Eng. Mod 1200 computerised inspection system £POA 
Sony DXC-3000A High quality CCD colour TV camera £995 
Keithley 590 CV capacitor / voltage analyser £POA 
Racal ICR40 dual 40 channel voice recorder system £3750 
Fiskers 45KVA 3 ph On Line UPS - New batteries £9500 
Emerson AP130 2.5KVA industrial spec.UPS £2100 
Mann Tally MT645 High speed line printer £2200 
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £945 
Siemens K4400 64Kb to 140Mb demux analyser £2950 


THE ORIGINAL SURPLUS WONDERLAND! 


THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 


OBSOLETE - SHORT SUPPLY - BULK 


10,000,000 items EX STOCK 
For MAJOR savincs 
CALL OR SEE OUR WEB SITE www.distel.co.uk 


One of the highest specification 
monitors you will ever see - 
At this price - Don’t miss it!! 


Mitsubishi FA3415ETKL 14” SVGA Multisync colour monitor with fine 
.., 0.28 dot pitch tube and resolution of 1024 x 768. A 
Variety of inputs allows connection to a host of comput 
ers including IBM PC's in CGA, EGA, VGA & SVGA 
< Modes, COMMODORE (including Amiga 1200), 
&¢ ARCHIMEDES and APPLE. Man ieaiures:| Etched 
= faceplate, text switching and LOW TION MPR 

specification. Fully guaranteed, in EXCELLENT little 


Only £119 © mrseve 


MITS-SVGA 





used condition. 
Titt & Swivel Base £4.75 
VGA cable for IBM PC included. 


Extemal cables for other types of computers available - CALL 






Ex demo 17" 0.28 SVGA Mitsubishi Diamond Pro 
monitors, Full multisync etc. 
Full 90 day guarantee. Only £199.00 (E) 


Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors. 
Good SH condition - from £299 - CALL for Info 


PHILIPS HCS35 (same s Bes as CM8833) attractively styled 14” 
colour monitor with both RGB and standard composite 15.625 
Khz video inputs via SCART socket and separate phono jacks. 
Integral audio power amp and speaker for all audio visual uses. 
Will connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring / security applications with direct connection 
to most colour cameras. High quality with many features such as 
front concealed flap controls, VCR correction button etc. Good 


used condition - fully tested uaranteed 
Dimensions: W14" xHi2x' xis%'p, Only £99.00 (E) 


PHILIPS HCS31 Ultra compact 9” colour video monitor with stan- 
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applications. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen burns). In attrac- 
tive square black plastic case measuring W10" x H10*° x 13%" D. 


240 V AC mains powered. Only £79.00 (0) 


KME 10" 15M10009 high definition colour monitors with 0.28" dot 
pitch. Superb clarity and modern styling. .. 
Operates from a ry 15.625 khz sync RGB video # 
source, with RGB analog and composite sync # 
such as Atari, Commodore Amiga, Acorn 
Archimedes & BBC. Measures only 13%" x 12° x ¥ 
11". Good used condition. Only £125 (E) 


20" 22" and 26" AV SPECIALS 


Superbly made UK manufacture. PIL all solid state colour monitors, 
complete with composite video & optional sound input. Attractive 
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.In 
EXCELLENT little used condition with full 90 day guarantee. 


20"...£135 22"....£155 26"....£185 (F) 


We probably have the largest range of video monitors in 
Europe, All sizes and types from 4" to 42" call for info. 





Virtually every type of power 
supply you can imagine.Over 
10,000 Power Supplies Ex Stock 
Call or see our web site. 


HP6030A 0-200V DC @ 17 Amps bench power supply £1950 
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150 
Nikon HFX-11 (Ephiphot) exposure control unit ated 


PHILIPS PM5518 pro. TV signal generator £1250 
Motorola VME Bus Boards & Components List. SAE / CALL EPOA 
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550 


Fujitsu M3041R 600 LPM high speed band printer £1950 
Fujitsu M3041D 600 LPM printer with network interface £1250 
Perkin Elmer 299B Infrared spectrophotometer £500 
Perkin Elmer 597 Infrared spectrophotometer £3500 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3250 
LightBand 60 output high spec 2u rack mount Video VDA's £495 
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995 
B&K 2633 Microphone pre amp £300 
Taylor Hobson Tallysurf amplifier / recorder £750 
ADC S$S200 Carbon dioxide gas detector / monitor £1450 


BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650 
ANRITSU MS9001B1 0.6-1.7 uM optical spectrum analyser £POA 
ANRITSU ML93A optical power meter £990 
ANRITSU Fibre optic characteristic test set £POA 
R&S FTDZ Dual sound unit £650 
R&S SBUF-E1 Vision modulator £775 
WILTRON 6630B 12.4 / 20GHz RF sweep generator £5750 
TEK 2445 150 MHz 4 trace oscilloscope £1250 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc £2900 
TEK TDS524A 500Mhz digital realtime + colour display etc £5100 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950 


PHILIPS PW1730/10 60KV XRAY generator & accessories £POA 
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325 
CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs £2900 









Surplus always 
wanted for cash: 


Superb quality 6 foot 40U 
Virtually New, Ultra Smart 
Less than Half Price! 


Top quality 19" rack cabinets made in UK b 
Optima Enclosures Ltd. Units featur 
designer, smoked acrylic lockable front door 
full height lockable half louvered back doo 
and louvered removable side panels. Full 
adjustable internal fixing struts, ready punche 
for any configuration of equipment mountin 
plus ready mounted integral 12 way 13 am 
socket switched mains distribution strip mak 
these racks some of the most versatile w 
have ever sold. Racks may be stacked side by side and therefor 
require only two side panels to stand singly or in multiple bays. 
Overall dimensions are: 77%" H x 32%" B x 22" W. Order as: 
OPT Rack 1 Complete with removable side panels. £345.00 (G 
OPT Rack 2 Rack, Less side panels £245.00 (G 


Bs 
seek 
S:3: 
| 
3: 
= ’ 





| 32U - High Quality - All steel RakCab 


Made by Eurocraft Enclosures Ltd to the highest possible spec 
rack features all steel construction with removable 

side, front and back doors. Front and back doors are _<@52 
hinged for easy access and all are lockable with .<% 
five secure 5 lever barrel locks. The front door ¢3 
is constructed of double walled steel with a 
‘designer style’ smoked acrylic front panel to 
enable status indicators to be seen through the 
panel, yet remain unobtrusive. Internally the rack 
features fully slotted reinforced vertical fixin 
members to take the heaviest of 19” rac 
equipment. The two movable vertical fixing struts 
(extras available) are pre punched for standard 
‘cage nuts’. A mains distribution panel internal 
ly mounted to the bottom rear, provides 8 x IEC 3 
pin Euro sockets and 1 x 13 amp 3 pin switched Sk: 
utility socket. Overall ventilation is provided by “* 
fully louvered back door and double skinned top section 
with top and side louvres. The top panel may be removed for fittin: 
of integral fans to the sub plate etc. Other features include: fitter 
castors and floor levelers, prepunched utility panel at lower rear fo 
cable / connector access etc. Supplied in excellent, slightly use 
condition with keys. Colour Royal blue. External dimension: 
mm=1625H x 635D x 603 W. ( 64” H x 25” D x 23%” W ) 


Sold at LESS than a third of makers price !! 


A superb buy at only £245.00 «@ 
42U version of the above only £345 - CAL! 









A special bulk purchase from a cancelled export order brings yo 
the most amazing savings on these ultra high spec 12v DC 14A 
rechargeable batteries. Made by Hawker Energy Ltd, type SBS1 
featuring pure lead plates which offer a far superior shelf & Quarar 
teed 15 Mee ar service life. Fully BT & BS6290 approved. Supplie 
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 dee; 
M6 bolt terminals. Fully guaranteed. Current makers price over £7 


eachOur Price £35 each ~ or 4 for £99 « 


Save ££££"'s by choosing your next relay from our Massive Stock 
covering types such as Military, Octal, Cradle, Hermetically Sealec 
Continental, Contactors, Time Delay, Reed, Mercury Wetted, Soli 
State, Printed Circuit Mounting etc. , CALL or see our web sit 
www.distel.co.uk for more information. Many obsolete types fror 
stock. Save £££L's 


Undoubtedly a miracle of modern technology & 

our special buying power ! A quality product fea- 

turing a fully cased COLOUR CCD camera at a 

_— away price ! Unit features full autolight sensing for 

’ ex, USE in low light & high light 
% applications. A 10 mm fixed focus 

= wide angle lens gives excellent focu 
. and resolution trom close up to lon 
range. The composite video output w 
connect to any composite monitor or T 
(via SCART socket) and most vide 
recorders. Unit runs from 12V DC < 
ideal for security & portable applic: 
hiniei tions where mains power not availabl 
Overall dimensions 66 mm wide x 117 deep x 43 high. Supplie 
BRAND NEW & fully guaranteed with user data, 100's of applic 
tions including Security, Home Video, Web TV, Web Cams etc, etc 


Web ref = LK33 ONLY £99.00 or 2 for £180.00 ( 


ack 


NT4 WorkStation, complete with service pe 
(E 


and licence - OEM packaged. ONLY £8 
ENCARTA 95 - CDROM, Not the latest - but at this price! £7.S 
DOS 5.0 on 3%" disks with concise books c/w QBasic . £14.¢ 

Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55. 
Wordperfect 6 for DOS supplied on 3%" disks with manual £24.{ 


shipping charges for software is code B 


DISTEL on the web !! - Over 16,000,000 items from stock - www.distel.co.al 


ALL MAIL TO 
Dept PE, 29/35 Osborne Rd 


(B)=£5.50, ( 





EST. 
ye 
YEARS 


Thornton Heath 
Surrey CR7 8PD 
Open Mon - Fri 9.00 - 5:30 





to stock. Discounts for volume. Top CASH prices paid tor 


LONDON SHOP WEG 


Open Mon - Sat 9:00 - 5:30 
215 Whitehorse Lane 
South Norwood 
On 68A Bus Route 
Nr. Thornton Heath & 
Selhurst Park SR Rail Stations 














DISTEL© 


Visit our web site 
www.distel.co.uk 
email = admin @distel.co.uk 


ALL @& ENQUIRIES 









FAX 0208 653 8888 


All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Govemment, Sct 

Universities eu Loca! Authorities - minimum account order £50. Cheques over £100 are subject to 10 working days clearance. Carriage charges (A)=£3.00, (A1)=£ 

)=€8.50, (C1) £12.50, (D)=£15.00, (E)=£18.00, (F)=£20.00, (G)ECALL Allow approx 6 days for shipping - faster CALL All goods supplied to our Standard Conc 

of Sale at Flan Stated guaranteed for 90 days. All a on a retum to base basis. All rights reserved to change prices / specifications without prior notice. Orders st 
rplus goods. All trademarks, tradenames etc acknowledged. © Display Electronics 1999. E & O E. 07/99 


PIC16F87x MINI TUTORIAL 


As we explained in the 8-Channel Analogue Data Logger of Aug/Sept ’99, the PIC16F87x 
family of microcontrollers are much more powerful than the familiar 84 devices: up to 
eight channels of ADC; serial communications I/O at controllable baud rates; enlarged 
program and on-chip EEPROM memories; 20MHz maximum clock rate; external serial 

data memory read/write. 

In this Mini Tutorial we take a closer look at how the PIC16F87x family can be pro- 
grammed to implement the type of functions offered by the Data Logger. Knowledge of 
how and why these routines are written will greatly assist you in writing similar func- 
tions for other applications. The discussions have the emphasis placed on the 
PIC 16F877 device, but in principle they equally apply to the PIC16F873, '874 and ’876 
devices as well. 

Some of the author's investigations were clouded by ambiguities in the PIC16F87x data 
sheet and took considerable experimental research to understand how to implement 
some functions. By reading this article, you could be saved much time and heart-ache 











when attempting to use the functions in your own designs. 


THE QWL LOUDSPEAKER 


The design and construction of a Quarter 
Wave Loaded loudspeaker system. 


This article was written originally in 1988 for 
ETI, and a modified version is presented 
describing the incorporation of improved drivers 
and a matching crossover. It is hoped that the 
design will appeal to existing owners of the QWL 
in terms of an upgrade, as well as to new con- 
structors looking for a wide frequency range 
loudspeaker occupying a reasonable floor 
space. 

The choice of loudspeaker is often a very per- 
sonal decision and this design is the result of 
hours of measurement and listening. Over the 
years friends have been invited to audition these 
speakers and, as their performance received 
very favourable comments by even the most 
candid listener, it is felt that the majority of read- 
ers will not be disappointed with the results of 
this project. 

These loudspeakers are relatively cheap for the 
performance obtained (as a useful rule of thumb 
they compare very favourably with commercial 
designs costing in the order of three times the 
cost of the speaker units and crossovers in this 
design) and are fairly simple to build. They 
occupy very little floor space, are easily moved 
to a desired position for serious listening, and 
are of the right height to preclude the need for 
stands. The overall design has been carefully 
selected on the basis of a combination of good 
measured frequency response, stereo imaging, 
sound quality and efficiency. 
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ELECTRONICS 


TODAY INTERNATIONAL 





MAINS CABLE 
DETECTOR 


Probably most do-it-yourself enthusiasts are 
aware of the dangers of drilling into the walls of 
practically any building, and use some form of 
pipe/cable detector to check that it is safe prior 
to doing any work of this type. Such precautions 
should ensure that there are no nasty surprises, 
but some types of cable can be difficult to 
detect. Most pipe and cable locators are actually 
metal locators that are optimised for this appli- 
cation. They are quite good at finding things like 
nails in doors and plasterwork, locating metal 
pipes, and finding cables in metal conduits. They 
tend to be less effective at finding electric cables 
that are in plastic conduits. The problem seems 
to be that there is simply not that much metal in 
an electric cable, especially a lighting type that 
is only designed to carry modest currents. This 
makes such cables difficult to detect unless they 
are Close to the surface of a wall. 

The project featured here uses an alternative 
approach to finding cables, which is to pick up 
the 50-hertz mains “hum” signal produced by 
the cable. This signal is relatively easy to locate 
even with a small cable that is buried deep in 

a wall. 


PLUS: 
ALL THE 
REGULAR 
FEATURES 





DON'T MISS AN 
ISSUE - PLACE YOUR 


ORDER NOW! 


OCTOBER ISSUE ON SALE FRIDAY, SEPTEMBER 3 





627 


Demand is bound to be high 


Computer Controlled Robotics 


Telephone for our catalogue or 


4 visit our web site for further details 
| i j 40 Wellington Road, Orpington, Kent BRS 4AQ 


Web Site - http://www.technologyindex.com 
Prices exclude VAT and £5.00 next day carrie 


PHILIPS PM3217 - 
Dual Trace 50MHz Delay 


GOULD 0S1100 — Dual Trace, 30MHz 


Delay. Very bright, supplied with 
manual and two probes 


bes 


Telephone - (01689) 876880 


VERY GOOD 
OSCILLOSCOPE 
incl. 2 probes, Pouch 


=i & Front 
F Grey version 


not incl. probes, etc. 
FROM 


GOULD 0S300 
Dual Trace 20MHz 


Light weight. Very good 
value 


ONLY 


THIS IS THE 
BEST CHEAP 
SCOPE 
YOU WILL 
EVER BUY!!! 


£200) 


TEKTRONIX 2215 — dual Trace 60MHz 


Sweep Delay 
Includes 2 probes 
ONL 


468 Digital Storage Dual Trace 100MHz Delay 
466 ony Storage Dual Trace 100MHz Delay 


485 Dual Trace 350MHz Delay Sweep 
475 Dual Trace 200MHz Delay Sweep 
465 Dual Trace 100MHz Delay Sweep 


HC3502 Dual Trace 20MHz 


5mV-20V/Div; 0-2u 
secs-0:5 Sec/Div; 
X-Y: X5 Magnifier; 
Tv/Sync etc. 


UNUSED GED 


od 


TEKTRONIX 2445, 4-ch, dela 


sweep, cursors, readout. NLY 


MARCONI 2019A synthesised AM/FM signal 
gen 80kHz-1040MHz, I.c.d. 
display, keyboard entry ONLY 


ALL FULLY TESTED = IN GOOD CONDITION 


MARCONI 6311 prog sweep gen, 10MHz-20GHz 

HP 8657A syn sig gen, 100KHz-1040MHz 

HP 8656B syn sig gen, 100KHz-990MHz 

HP 8656A on sig gen, 100KHz-990MHz 

GIGATRONIC 71 4 ps ba 10MHz-20GHz £6000 

MARCONI 2107 AWFM phase locked sig gen, 10KHz- Bet? 
£1 


HP4275A LCR meter, 10KHz-10MHz 

HP4192A LF impedance analyser, 5Hz-13MHz 

HP 8903E distortion analyser 

MARCONI 2305 mod meter, 500KHz-2GHz 

FARNELL AMM2000 auto mod meter, 10Hz-2:4Ghz, unused..£1250 
STABILOCK 4015 radio comm test set £2250 
HP 5350B freq counter, 20GHz 

HP 346B noise source, 10MHz-18GHz 

HP 11692D dual dir coupler, 2GHz-18GHZ 

HP 11691D dual dir coup 


H.P. 8640A AM/FM Signal Gen 
500kHz-1024 MHz 
500kHz-512 MHz version 


OSCILLOSCOPES 
PHILIPS PM3082 2 +2 ch., 100MHz delay, etc. 0.0... £900 
TEKTRONIX TAS465 dual trace, 100MHz delay, etc. ............ £800 
TEKTRONIX 2465A 4 ch., 350MHz delay, @1C. ..........0..s00 £2250 
TEKTRONIX 2445B dual trace, 150MHz delay, etc. ............. £1500 
TEKTRONIX 2205 dual trace, 20MHz £300 
KIKUSUI 6100 5-trace, 100MHz delay 
TEKTRONIX 2430 dig storage dual trace, 150MHz 
TEKTRONIX 2212 dig storage dual trace, 6(0MHz 


STEWART of READING 


110 WYKEHAM ROAD, READING, BERKS. RG6 1PL 
Telephone: (0118) 9268041. Fax: (0118) 9351696 


Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) 
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PLASTIC BOXES 


& 


ENCLOSURES 


Contact us for your free catalogue 


S.L.M. (Model) Engineers Ltd 


Chiltern Road 
Prestbury 


Chelteneham 
GL52 5JQ 


SPECTRUM ANALYSERS 


H.P. 8595E 9KHz-6:5KHz with Opts 004/041/101/105/110, 
857171A card and 850244 high freq. probe ...............£9000 

H.P. 8590A 10KHz-1-8GHz (75= ohms) 

H.P. 8558B with main frame 100KHz-1500MHz 

H.P. 853A (dig frame) with 8559A 100KHz-21GHz . 

H.P. 3582A dual channel 25KHz 

MARCONI 2382 100Hz-400MHz high resolution 

B&K 22033R signal analyser 

ADVANTEST TR4131 10KHz-3:5GHz 

MARCONI 2370 30Hz-110MHz 

H.P.141 Systems: 

8553 1KHz-110MHz 

8554 500KHz-1250MHz 

8555 10MHz-18GHz 


MARCONI TF2015 


AM/FM Sig Gen 


10-520NHz 


RACAL 9008 
Automatic mod meter 
1-5MHz-2GHz 


WAYNE KERR inductance analyser 3245 
H.P. 8112A pulse generator, 50MHz £1250 
DATRON AutoCal multimeter, 5'2-7% digit, posed asd 


SCHLUMBERGER 7081 precision voltmeter, ‘icdigt 

RACAL 1998 freq counter, 1-3GH2, IEEE ete. «0.0... 2400 
MARCONI 2440/2442 freq. counter, 20GHz/26GHz ...From £1250 
PHILIPS PM5328 sig gen, 100KHz-180MHz, with built-in 

200 MHz freq. counter, IEEE 

MARCONI 6500 amplitude analyser 

FARNELL PSU type 

FARNELL PSU type AP70/30 

B&K Accelorometer 

TEKTRONIX probes P6109B, 100MHz readout, unused 
TEKTRONIX probes P6106A 250MHz readout, unused 


GOULD J3B Sine/Square Oscillator 
100Hz-100KHz. Low distortion 
ONLY 


FLUKE MULTIMETERS 

Type 8050A 4¥2-digit, 2A True RMS 
Type 8010A 3%2-digit, 10A 

Type 8012A 3¥2-digit, 2A 


FARNELL L30/2 Bench Power Supply 


0-30 Volts; 0-2 Amps. 
only GD 


Constant D.C. outputs/ 
Constant current. 
MANY OTHER POWER SUPPLIES AVAILABLE 


Telephone 01242 525488 
Fax 01242 226288 


MARCONI 2022E 
Syn AM/FM SIG GEN, 10 KHz-1-01z 
Up to +10dBm output, phase mod, I.c.d. display, 


keyboard entry, etc., small, lightweight 
ly ED 


FLUKE SCOPEMETERS 
Models 93/96/99, dual trace, 50MHz plus digital 
storage, etc. Unused from £400 to £650 


POWER SUPPLY Model HSP3010, 0- 
30V, 0-10 Amps current limiting. 


2 meters 
Used £160 Unused £200 


GOODWILL 

GVT427 DUAL CHANNEL A.C. 
MILLIVOLTMETER 

10nV 300V in 12 ranges 
Frequency 10Hz-1MHz 

Used £100 Unused £125 


FARNELL LF1 Sine/Sq Oscillator 


10Hz2-1MHz 
ur GBD 


Solatron 7045 — 4-5 Dig. 
Bench Multimeter 


LEVELL TG200DMP RC Oscillator 
1Hz-1MHz Sine/Square, meter, 
battery operated (Batteries not supplied) 


with leads 
Solatron 7150 
DDMM 655 digit 


True RMS IEEE £225 


Saar ey WAYNE KERR AMM255 
lead @:: Automatic Modulation Meter 
iewene a = AM/FM 1-5MH2-2GHz 3:5 digit 


bee Unused P£500) 


GOODWILL GFC 8010G 
FREQUENCY COUNTER, Range 
1HZ-120MHz, 8-Digit Display, 1 
RMS Sensitivity Unused £75 


Squier — GUARANTEED. Manuals supplied . ig 

This is a VERY SMALL CAMEL OF STOCK. SAE or Telephone for lists. Please check availability 
before ordering. 

CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage 
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SURVEILLANCE 


PROFESSIONAL QUALITY KITS 





No. 1 for Kits 





Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, 
circuit diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all 
transmitters are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 


UTX Ultra-miniature Room Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic. 
BUT Y ODGTRION DUNE AIG siiistsunccissnnrannrisniinineniccadeslamepamenievice £16.45 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm seis? mic. 
BETZ ODOM, FOCI FINI sass ssisiassisgccisenidesiversstinnjrverengeas een imrseraciaasie £13.45 


STX High-performance Room Transmitter 
High performance transmitter with a buffered output stage for greater stability and 
range. Measures 22mm x 22m, including mic. 6V-12V operation, 1500m range. £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. 
Size 20mm x 40mm. 9V-12V operation. 3000M range.........cseeseeseeseeseeeees £16.45 


VXT Voice-Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range. £19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V A.C. supply for long-term monitoring. 
Sse SOC. X AOL, SOOT FANG. cas ccsissccazesiqesyspasnsescnvvunnnponnepivagonannguegnoadintaaésisens £19.45 


SCRX Subcarrier Scrambled Room Transmitter 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range...... £22.95 


SCLX Subcarrier Telephone Transmitter 
Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range......... £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9V-12V OperatiOn.........ccesecesessseseseeeeeees £22.95 


ATR2 Micro-Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
PTO TIT UO a nccassecccssissssnoscnsssivcsijsndasansvesesssveseasesnchebditasccareth hunahbebdas tens £13.45 



















DLTX/DLRX Radio Control Switch , 
Remote control anything around your hor 
alarms, paging system etc. Syst 

digital encoder and receiver unit wi | 
or alternate, 8-way d.i.l. switches on both 
security code. TX size 45mm x aon RX $ 
operation. Range up to 200m. : 


Complete System (2 kits)............. 
Individual Transmitter DLTX.....::-s-0 


Individual Receiver DLRX... 


Ebel elecheletbsleleteebebecielatesheletectel 


i le evice HEH mii ESSseSSuESFEET HE 

ut of your Ti, von or CD an 

con dphone opt oo to your farvourite music : ; 

— in the bath or in the garage and ™ on t have to put up ‘with the 
’s choice and et ware. 

















SUMA 
PB] RY [CTS 
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UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500M range... £15.95 


TLX 700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble 
than UTLX. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. 1000m range........... cee £13.45 


STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone 
use. All conversations transmitted. Powered from line. 

SIZE 22MM X 22MM. 1500M FANGE........cccccscscsececscseseseseseececeesssessseseeeeesseseecseenees £16.45 


TKX900 Signalling/Tracking Transmitter 

Transmits a continuous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. 

SiZ6 25M X SQMIM. GV OPOAWON A. ssessscctescorieserssssiaserssessessssorseessssosovenseesesesebesess £22.95 


CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tone increase as you 
approach signal. Gain control allows pinpointing of source. 

SIZE ASITIM X GALA. DV OOGTAMOR sscsssvsccsiinisseissjsctaiceisacsinensscetbcsaoscsinscsndeseavdbanse £30.95 


CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation... £50.95 


QTX180 Crystal Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catalogue). 

Size 20mm x 67mm. YV operation. 1000M range... eects £40.95 


QLX180 Crystal Controlled Telephone Transmitter 
As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67MM. YV Operation. 1000M ANGE... ceseceeeseeeseseseeneseneseeesseees £40.95 


QSX180 Line Powered Crystal Controlled Phone Transmitter 
As per QLX180 but draws power requirements from line. No batteries required. 
SIZO SZMM X SHMM, FARIA SOQ ci asiscisivcssrssscansacsovseasseseioscrneoensoansvensssassossvonsaats £35.95 


QRX 180 Crystal Controlled FM Receiver 

For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section 
supplied as pre-built and aligned module ready to connect on board so no difficulty 
setting up. Output to headphones. 60mm x 75mm. 9V operation... £60.95 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£2.00 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send Sterling Bank Draft and add £5.00 
per order for shipment. Credit card orders welcomed on 01827 714476. 

OUR LATEST CATALOGUE CONTAINING MANY MORE 
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO 
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


ray 


Tel/Fax: 
01827 714476 
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£9 BARGAIN PACKS 


VIBRATING REED FREQUENCY METER, 55-65Hz. 
Order Ref: 9P8. 

BUMP ’N GO SPACESHIP KIT. Order Ref: 9P9. 

10 TDK AUDIO TAPES. Order Ref: 9P12. 

2-TONE HORN KIT. Order Ref: 9P15. 

TV REMOTE CONTROL, made by Philips, this will con- 
trol almost every TV receiver or video. Order Ref: 9P20. 


£10 BARGAIN PACKS 


100A TIME SWITCH, ex-electricity board, reconditioned. 
Order Ref: 10P14. 

MAXIMUM DEMAND INDICATOR, 230V AC. Order Ref: 
10P15. 

TANGENTIAL BLOWER FAN, 28in. long fan with motor 
in middle. Order Ref: 10P16. 

POWER STATION TYPE VOLTMETER in Gin. diameter 
metal case. Order Ref: 10P25. 

ALUMINIUM CASE, 19'%x12'x8, very good condition. 
Order Ref: 10P40. 

POWERFUL WATER PUMP, operated by heavy duty 
mains motor. Order Ref: 10P76. 

DOUBLE BLOWER, mains operated, suit greenhouse or 
workshop. Order Ref: 10P84. 

FLUORESCENT CONVERTER by Philips for 3xQin. 
tubes. Order Ref: 10P89. 

COMPUTER DRIVER, MS-DOS 4.01. Order Ref: 10P99. 
MOTORISED DISPLAY, 12x10A micro mains switches, 
driven by mains motor. Order Ref: 10P101. 

CRT ref. SE5J31, 6in. Order Ref: 10P104. 

HOT WIRE PANEL METER, 6in. Order Ref: 10P106. 
DATA RECORDER, Sharp ref. IT400. Order Ref: 
10P110. 

AMSTRAD MODEM SM2400, may need attention. Order 
Ref: 10P111. 

SOLENOID WATER VALVE, Danfoss, 12V DC or 24V 
AC. Order Ref: 10P118. 

POWER RELAY, 4x10A changeover contacts. Order 
Ref: 10P136. 

10A AMMETER for RF. Order Ref: 10P144. 

BENCH SOLDERING IRON on base, little storage soiled. 
Order Ref: 10P145. 

PRECISION VOLTAGE PANEL METER for exact read- 
ing between 100 and 125V AC. Order Ref: 10P146. 
SHARP DISK DRIVE MZ1F11. Order Ref: 10PL147. 
FULLY ENCLOSED CROMPTON PARKINSON MAINS 
MOTOR, 1/6 h.p. 875 r.p.m. Order Ref: 10P 149. 

12 COPPER CLAD BOARDS, various sizes from 6x3 to 
12x12. Order Ref: 10P150. 

ALARM FOR HOUSE OR CAR, ultrasonic, neatly cased, 
ready-to-use when battery fitted. Order Ref: 10P155. 


EVEN BIGGER BARGAINS 


Qin. MONITOR by Philips, new, made to work with OPD 
computer, £15. Order Ref: 15P1. 

METAL CASE for Qin. monitor, supplied as a flat pack, 
£12. Order Ref: 12P3. 

Qin. TUBE by Philips, as used in our monitor, £12. Order 
Ref: 12P7. 

BIG AMPLIFIER BOX, 256x178x120mm, £12. Order 
Ref: 12P30. 

AMSTRAD 3in. DISK DRIVES, 2 with differing faults, 
should be possible to make one good one, £15. Order 
Ref: 15P46. 

ULTRASONIC ALARM for house or car, complete with 
external horn speaker and 12V power supply, £18. Order 
Ref: 18P3. 

100 ASSORTED COMPUTER GAMES, no more than 5 
of any one type, ideal for remaking, £20. Order Ref: 
20P12. 

MULLARD 14in. COLOUR TUBE, ref. AQ37590X, £15. 
Order Ref: 15P76. 

MAINS STEP DOWN TO 115V TRANSFORMER, this is 
1000W as auto but has a separate winding to give 500W 
115V isolated, £25. Order Ref: 25P18. 

3in. DISK DRIVE, £29. Order Ref: 29P6. 

SUPER 8 CINE PROJECTOR without sound. Order Ref: 
39P1. 

SUPER 8 CINE PROJECTOR with sound, £49. Order 
Ref: 49P1. 

PSU CASE, size 255x115x210mm, black case with 
labelled silver front and fitted carrying handles. Smart kit 
reference 5096 or 5007, £12. Order Ref: 12P20. 

8ft. FLUORESCENT TUBES, brand new, in maker's 
wrappings, box of 12, £12, but you must collect. Order 
Ref: 12P11. 

DIGITAL PANEL METER, comes complete with details 
of how to use it to display amps or volts, £11.50. Order 
Ref: 11.5P2. 

250m TWIN 5A EXTENSION LEAD, this is ideal for most 
gardening tools, rubber but treated so that it can’t perish 
through sunlight, etc., £20. Order Ref: 20P35. 
EMERGENCY LIGHTING UNIT with perspex cover, con- 
tains rechargeable batteries and an inverter unit to power 
the internal fluorescent tube, regular price over £30, our 
price £15. Order Ref: 15P32. 

SOIL HEATER, 100W transformer and wire, £12. Order 
Ref: 12P33. 

SPEED CONTROLLER for 12V DC motors up to 1/6 
h.p., kit of parts £12, Order Ref: 12P34, or made up £20, 
Order Ref: 20P39. 

SOLAR PANEL, 15V so will trickle charge car battery, 
£15. Order Ref: 15P72. 

CAMCORDER BATTERY CHARGER, suits most cam- 
corders, £15. Order Ref: 15P73. 
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SPECIAL 12V RECHARGEABLE BATTERY. This 
is the Jap made Yuasa. It is sealed so can be used 
in any position. £3.50 each or 5 for £15. Order Ref: 
3.5P11. The batteries have a capacity of 2-3AH 
which may be a bit low for some jobs but remem- 
ber you can join them in parallel to give a high 
amperage. 

RECHARGEABLE NICAD AA BATTERIES. You 
can have these at a bargain price of 50p each, but 
you have to buy a pack of 10 which would give you a 
12V rechargeable battery. However, it is quite easy to 
divide into 2 x 6V rechargeables or 10 x 1:2V 
rechargeables. Order Ref: 5P287. Made by Varta. 
CHARGER FOR YUASA BATTERY. This battery 
charger plugs into a 13A socket, charges at approxi- 
mately “2A so it would charge it at the correct rate. 
Complete with croc clips, ready to go, £5. Order Ref: 
5P269. 

FOR QUICK HOOK-UPS. 
You can't beat leads with a 
croc clip each end. You can 
have a set of 10 leads, 2 
each of 5 assorted colours 
with insulated crocodile clips 
on each end. Lead length 36cm, £2 per set. Order 
Ref: 2P459. 

BIG 12V TRANSFORMER. It is 55VA so over 4A. 
Beautifully made and well insulated. Live parts are in 
a plastic frame so cannot be accidentally touched, 
£3.50. Order Ref: 3.5P20. 

TWIN 13A SWITCHED SOCKET. Good British 
make, white, quite standard size so suitable for flush 
mounting or in a surface box. £1.50. Order Ref: 
1.5P61. 

1mA PANEL METER. Approximately 80mm x 50mm, 
front engraved 0-100, price £1.50. Order Ref: 1/16R2. 





BUY ONE GET ONE FREE 
ULTRASONIC MOVEMENT DETECTOR. Nicely 


cased, free standing, has internal alarm which can 
be silenced. Also has connections for external 
speaker or light. Price £10. Order Ref: 10P 154. 


VERY POWERFUL BATTERY MOTOR. Intended to 
operate portable screwdriver. It is 2V2in. long and 1in. 
diameter. Has a good length spindle. Will operate with 
considerable power off any voltage between 6V and 
12V d.c. Price £2. Order Ref: 2P456. 

D.C. MOTOR WITH GEARBOX. Size 60mm long, 
30mm diameter. Very powerful, operates off any d.c. 
voltage between 6V and 24V. Speed at 6V is 200 
rpm but higher with higher voltages of course. Price 
£3. Order Ref: 3P108. 

MOTOR SPEED CONTROLLER. For d.c. motors up 
to 24V and any power up to 1/6 h.p. They reduce by 
intermittent full voltage pulses so there should be no 
loss of power. In kit form £12. Order Ref: 12P34. Or 
made up and tested, £20. Order Ref: 20P39. 

VERY THIN DRILLS. 12 assorted sizes vary be- 
tween 0-6mm and 1-6mm, price £1. Order Ref: 128. 
EVEN THINNER DRILLS. 12 that vary between 0:1 
and 0-5mm, price £1. Order Ref: 129. 

BT TELEPHONE EXTENSION WIRE. This is proper 
heavy-duty cable for running around the skirting 
board when you want to make a permanent exten- 
son. 4 cores properly colour coded, 25m length, only 
£1. Order Ref: 1067. 

A MUCH LARGER PROJECT BOX. Size 
216mm x 130mm x 85mm with lid and 4 screws. This 
is an ABS box which normally retails at around £6. All 
brand new, price £2.50. Order Ref: 2.5P28. 

LARGE TYPE MICROSWITCH with 2in. lever, 
changeover contacts rated at 15A at 250V, 2 for £1. 
Order Ref: 1/21R7. 

BALANCE ASSEMBLY KITS. Japanese made, 
when assembled ideal for chemical experiments, 
complete with tweezers and 6 weights 0:5 to 5 
grams. Price £2. Order Ref: 2P444. 

CYCLE LAMP BARGAIN. You can have 100 6V 
0:5A MES bulbs for just £2.50 or 1,000 for £20. They 
are beautifully made, slightly larger than the standard 
6:3V pilot bulb so they would be ideal for making 
displays for night lights and similar applications. 
DOORBELL PSU. This has a.c. voltage output so is 
ideal for operating most doorbells. The unit is totally 
enclosed so perfectly safe and it plugs into a 13A 
socket. Price only £1. Order Ref: 1/30R1. 

FLASHING BEACON. Ideal for putting on a van, a 
tractor or any vehicle that should always be seen. 
Uses a Xenon tube and has an amber colour dome. 
Separate fixing base is included so unit can be put 
away if desired. Price £5. Order Ref: 5P267. 

MOST USEFUL POWER SUPPLY. Rated at 9V 1A, 
this plugs into a 13A socket. Is_ really nicely boxed, 
£2. Order Ref: 2P733. 
1-5-6V MOTOR WITH 
GEARBOX. Motor is 
mounted on the gearbox 
which has_interchange- 
able gears giving a 
range of speeds and 
motor torques. Comes 
with full instructions for 
changing gears and 
calculating speeds, £7. Order Ref: 7P26. 
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EVEN BIGGER BARGAINS 


200W WOOFER by Challenger, 8in., 4 ohm, £18. 
Order Ref: 18P9. 

250W WOOFER by Challenger, this is 10in., £29. 
Order Ref: 29P7. 

365-DAY TIME SWITCH, has two 16A channels, 
£35. Order Ref: 35P7. 

FIELD TELEPHONE, ex-GPO, just needs a pair or 
wires to join together, £16 each. Order Ref: 16P8. 
1,000 CYCLE LAMP BULBS, 6V 0-5A, £20. Order 
Ref: 20P38. 

SOUND SWITCH, can be operated by clapping 
hands, shouting or almost any other noise. Comes 
complete with instructions, assembled and ready to 
work, but needs casing. Price only £3. Order Ref: 
3P46. 

LIGHT ALARM, could be used to warn when a cup- 
board door is opened, light shining on the unit makes 
the bell ring, completely built and neatly cased, re- 
quires only a battery, £3. Order Ref: 3P155. 

WATER LEVEL ALARM, be it bath, sink, cellar, 
sump or any other thing that could flood, this device 
will tell you when the water has risen to the preset 
level, adjustable over quite a useful range, neatly 
cased for wall mounting, ready to work when battery 
fitted, £3. Order Ref: 3P156. 

BIKE RADIO, in fact, it’s more than a radio, it’s an 
alarm and a spotlight, the radio is battery operated, of 
course, and needs 3 AA cells, only one band but this 
is the FM band so will receive Radio 1 and 2, comes 
complete with handlebar fixing clips, price £4. Order 
Ref: 4P72. 

ULTRA VIOLET VIEWING UNIT, this is a very neat 
metal enclosure about the size of a 6in. cube, the 
lamp and control gear are in the top compartment 
and an open space with a platform below allows you 
to inspect paper or other objects under the UV light, 
intended for 230V mains operation, price £12. Order 
Ref: 12P35. 

4-SOCKET MAINS ADAPTOR, we would say that 
this is ideal for the handyman, but no doubt many of 
you will say it’s also for the handywoman! Will take 
up to a load of 13A and 4 units can be used at one 
time, has a neon indicator to show the power is on, 
price £4. Order Ref: 4P 102. 

MODERN TELEPHONE HANDSET, ideal home or 
office extension, £2. Order Ref: 2P94. 

CASED POWER SUPPLY FOR MODELS, mains 
operated, gixes variable voltage from 6V to 12V and 
reversible, ideal model trains, etc., £12. Order Ref: 
2P3. 

INSULATION TESTED WITH MULTIMETER, in- 
ternally generates voltages which enable you to read 
insulation directly in megohms, the multimeter has 
four ranges, AC/DC volts, 3 ranges DC milliamps, 3 
ranges resistance and 5 amp range, these instru- 
ments are ex-British Telecom but in very good 
condition, tested and guaranteed OK, probably cost 
at least £50 each, yours for only £7.50 with leads, 
carrying case £2 extra. Order Ref: 7.5P4. 
REPAIRABLE METERS, we have some of the 
above testers but slightly faulty, not working on all 
ranges, should be repairable, we supply diagram, £3. 
Order Ref: 3P 176. 

SUPERIOR 12V PSU. This is special in that the out- 
put is regulated 12V DC at 600mA. It is in a normal 
type plastic container with prongs to go into a 13A 
socket. has an indicator on/off light. Price £22.50. 
Order Ref: 22.5P25. 

SOLAR EDUCATIONAL KIT, a kit comprising 
400mA solar module, sun power DC motor, 
connecting lead, fan impeller and selection of 
turntable discs. Supplied complete with booklet 
explaining the principles and applications of solar 
energy. This kit is an ideal educational introduction to 
solar power, price £5. Order Ref: 5P 160. 
EQUIPMENT COOLING BLOWER, near enough 
5in. square and 1¥2in. thick, but a really good mover, 
mains operated, price £4. Order Ref: 715L. 
SOLDERING IRON, super mains powered with long- 
life ceramic element, heavy duty 40W for the ex- 
tra special job, complete with plated wire stand and 
245mm lead, £3. Order Ref: 3P221. 

SOLAR POWERED NICAD CHARGER, 4 Nicad 
batteries AA (HP7) in about 10 hours or 2 in only 4 
hours, 1 in about 2 hours. It is a complete boxed unit 
which you can easily carry about, price £6. Order 
Ref: 6P3. 

MINI BLOW HEATER, 1kV,, ideal for under desk or 
airing cupboard, etc., needs only a simple mounting 
frame, price £5. Order Ref: 5P23. 


TERMS 


Send cash, PO, cheque or quote credit card number 
— orders under £25 add £3.50 service charge. 


J & N FACTORS 


Pilgrim Works (Dept. E.E.) 


Stairbridge Lane, Bolney, 
Sussex RH17 5PA 


Telephone: 01444 881965 










qe 
The ADC-200 range of PC based oscilloscopes offer | i ee 
performance only previously available on the most expensive, a0 | pf 
~benchtop' scopes. By intergrating several instruments into} ~~ | 
one unit, the ADC-200 is both flexible and cost effective. | 





Connection to a PC gives the ADC-200 the edge over traditional 
oscilloscopes: the ability to print and save waveforms is just one example. 
Units are supplied with PicoScope for Windows which is powerful, yet @ 
simple to use, with comprehensive on line help. 
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Video A fraction of the cost of comparable benchtop 


Automotive oscilloscopes 

Electronics design Up to 100 MS/s sampling 

Production line tests Advanced tigger modes- capture 

Fault finding one off events. 

Education Up to 50 MHz spectrum analyser 

Large buffer memory 

All units are supplied with ADC-200/ 100 F499 
software, cables and power ADE-200/50 £399 


ly. Pri lude VAT. 
supply. Prices exclude ADO-200/20 £999 





Once oscilloscopes were heavy and clumsy to handle, but over the years they have become smaller 
and smaller. The latest development in this field has just arrived: a digital storage oscilloscope ina 
handy slim housing, scarcely longer than a pencil and about as thick as your thumb. Despite its small 
size, its performance can match that of a service oscilloscope. 

a. 
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Applications ¥ Sample rates from 
Vv On-the-spot measurements 2a. - = 


V Hobby electronics : _ | to 20 MS/s 
v Measurements in amplifiers | fn age 
Vv Production line tests ™ P 


Beresey exclude VAT 






Fax: +44 (0)1954 211880 Tel: +44 (0)1954 211716 
E-mail: post@picotech.co.uk Web: www.picotech.com 












ELECTRON I 


C S$ 
MAIL ORDER ONLY e CALLERS BY APPOINTMENT 


EPE MICROCONTROLLER! 
PI. TREASURE HUNTER! 
The latest MAGENTA DESIGN - highly ! 
stable & sensitive — with I.C. control ! 
I of all timing functions and advanced b 
I pulse separation techniques. g 
Ie New circuit ace 1994 
Ie High stability 
I drift cancelling 
Easy to build 
& use 
No ground 
effect, works 
in seawater 











fe Detects gold, 
silver, ferrous & 
non-ferrous 

“ metals 
* Efficient quartz controlled 
microcontroller pulse generation. 
Full kit with headphones & all 
hardware 


SUE See £63.95 


Ls ie ee ok oe 


PORTABLE ULTRASONIC 
PEsT SCARER 


A powerful 23kHz ultrasound generator in 
a compact hand-held case. MOSFET output 
drives a special sealed transducer with in- 
tense pulses via a special tuned transformer. 
Sweeping frequency output is designed to 
give maximum output without any special 
setting up. 


Be ce oe eee ee es es 


KIT 842......cccccssnscscnenene £22.56 
SUPER ACOUSTIC PROBE 
Our very popular project - with probe 


components and diecast box. Picks up 
vibrations amplifies, and drives headphones. 
Sounds from engines, watches, and speech 
through walls can be heard clearly. Useful for 
mechanics, instrument engineers and nosey 
parkers! A very useful piece of kit. 


Poly SOc cu caiaviaansecueasntes £29.95 


DC Motor/Gearboxes 


Our Popular and Versatile DC 
motor/Gearbox sets. 

Ideal for Models, Robots, 
Buggies etc. 1-5 to 4-5V 


Multi ratio gearbox 
gives wide range of speeds. 
LARGE TYPE — MGL £6.95 
SMALL — MGS — £4.77 





Stepping Motors 
MD38...Mini 48 step...£8.65 


MD35...Std 48 step...£9.99 
MD200...200 step...£12.99 
MD24...Large 200 step...£22.95 





MOSFET Mkil VARIABLE BENCH 
POWER SUPPLY 0-25V 2:5A. 


Based on our Mk1 design 
and preserving all the 
features, but now with - 
switching pre-regulator for ® 
much higher efficiency. Panel 
meters indicate Volts and 
Amps. Fully variable down to 
zero. Toroidal mains trans- 
former. Kit includes punched 
and printed case and all 
parts. As featured in April 
1994 EPE. An essential piece 
of equipment. 
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Kit No. 845. cai 


Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 
E-mail: sales@magenta2000.co.uk 


LTD 


PIC PIPE DESCALER 


@ SIMPLE TO BUILD @ SWEPT 
@ HIGH POWER OUTPUT FREQUENCY | 
e@ AUDIO & VISUAL MONITORING | 


An affordable circuit which sweeps 
the incoming water supply with 
variable frequency electromagnetic 
signals. May reduce scale formation, 
dissolve existing scale and improve 
lathering ability by altering the way 
salts in the water behave. 

Kit includes case, PC.B, coupling 
coil and all components. a 
High coil current ensures maximum | 
effect. L.E.D. monitor 


KIT 868 ......... £22.95 POWER UNIT avert £3.99 


MICRO PEsT 
SCARER 


Our latest design — The ultimate 
scarer for the garden. Uses 

special microchip to give random 
delay and pulse time. Easy to 

build reliable circuit. Keeps pets/ 
pests away from newly sown areas, 
play areas, etc. Uses power source 
from 9 to 24 volts. 


e RANDOM PULSES 
e HIGH POWER 





Pic WATER 
_ «=bEScaALER 


e DUAL OPTION Plug-in power supply £4.99 
ROLE 100 | iwieestas eines: caneavesduenersa £19.99 
KIT+ SLAVE UNIT................:. £32.50 
WINDICATOR 


A novel wind speed indicator with LED readout. Kit comes 
complete with sensor cups, and weatherproof sensing 
head. Mains power unit £5.99 extra. 


AE: eee eer rere £28.00 


* TENS UNIT * 


DUAL OUTPUT TENS UNIT 
As featured in March '97 issue. 
Magenta have prepared a FULL KIT for this 
excellent new project. All components, PCB, 
hardware and electrodes are included. 
Designed for simple assembly and testing and 
providing high level dual output drive. 


KIT 866.... Full kit including four electrodes £32.90 


1000V & 500V INSULATION 
TESTER 


Superb new design. Regulated 
output, efficient circuit. Dual- 
scale meter, compact case. 
Reads up to 200 Megohms. 

Kit includes wound coil, cut-out 
case, meter scale, PCB & ALL 
components. 


Ee oo: eer rere £32.95 


EPE 
PROJECT 


PICs 
NOW £5.90 


Programmed PICs for 
all* EPE Projects 
Now one price 





4 spare 
electrodes 
£6.50 









newly sown 


etc. This 


EE205 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST 


All Prices include V.A.T. Add £3.00 per order p&p. £6.99 next day 





vegetable and flower beds, 
children’s play areas, 
project 
intense pulses of ultrasound 
which deter visiting animals. 
@ KIT INCLUDES ALL 
COMPONENTS, PCB & CASE 
@ EFFICIENT 100V 


curccaro 


3 = 





! SPACEWRITER 


I An innovative and exciting » 
project. Wave the wand through A 
the air and your message appears. ¢ 
Programmable to hold any message eS, 

gue to 16 digits long. Comes pre-loaded 7 
with ‘MERRY XMAS”. Kit includes 

§ PCB, all components & tube plus 

i instructions for message loading. 


AIT DAY sienasrenusteenea £16. 
12V EPROM ERASER 


A safe low cost eraser for up to 4 EPROMS at a time 
in less than 20 minutes. Operates from a 12V supply 
(400mA). Used extensively for mobile work — up- 
dating equipment in the field etc. Also in educa- 
tional situations where mains supplies are not al- 
lowed. Safety interlock prevents contact with UV. 


SUR seer ; 


SUPER BAT 
DETECTOR 


1 WATT O/P BUILT IN 
SPEAKER, COMPACT CASE 
20kHz-140kHz 
NEW DESIGN WITH 40kHz MIC. 


A new circuit using a ‘full bridge’ audio sl 
amplifier i.c., internal We, ’ 
speaker, and head- S 
phone/tape socket. The ™ 
latest sensitive transducer, — 
and ‘double balanced mixer’ we 
give a stable, high peformance ~ 
superheterodyne design. 


KIT 861 
ALSO AVAILABLE Built & Tested ....£39.99 


E.E. TREASURE HUNTER 
Pl. METAL DETECTOR 
MKI 

Magenta’s highly 
developed & 
acclaimed design. 
Quartz crystal 
controlled circuit 
MOSFET coil drive. 
D.C. coupled 
amplification. 
Full kit includes 




























PCB, handle 
: ’ e KIT INC. 
sented coil. HEADPHONES 
@ EFFICIENT 
CMOS DESIGN 
@ POWERFUL COIL 
DRIVE 


e DETECTS FERROUS AND 
NON-FERROUS METAL - GOLD, 
SILVER, COPPER ETC. 


@ 190mm SEARCH COIL 
e NO ’GROUND EFFECT’ 


PLT oe PO aauctnsesaasunen tins £45.95 





ULTRASONIC PEsT SCARER 


Keep pets/pests away from 


areas, fruit, 


patios 
produces 


SCARER 
TRANSDUCER OUTPUT e UP TO 4 METRES 


Cc 


£5.90 each e COMPLETELY INAUDIBLE RANGE 
£64.95 copyright) 09 & : OR oa EL RPP eer ne COREE ret ae £14.81 
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SIMPLE PIC PROGRAMMER 


INCREDIBLE LOW , 
aaa Kit 857 £12.99 


INCLUDES 1-PIC16F84 CHIP 
SOFTWARE DISK, LEAD 
CONNECTOR, PROFESSIONAL 
PC BOARD & INSTRUCTIONS 





EPE PIC Tutorial 


At Last! A | Practical, Hands-On Seri 
-P ries — ing March ’ 


@ Learn Programming from scratch 
@ Uses Re-Programmable PIC16F84 Chip 


@ Start by lighting an I.e.d. and work up through 
over 30 tutorials to Sound Generation, Data 
Display, and a Security System 


@ PIC TUTOR Board has Input Switches, Output 
l.e.d.s, and on board programmer 


PIC TUTOR BOARD KIT 


Includes: PIC16F84 Chip, TOP Quality PCB printed with 
Component Layout and all components* (*not ZIF 
Socket or Displays). Included with the Magenta Kit is a 
disk with Test and Demonstration routines. 


KIT 870 ...... £27.95, Built & Tested. ...... £42.95 
Optional: Power Supply — £3.99, ZIF Socket — £9.99 

LCD Display — With Software and Connection details .....£7.99 
LED Display — Including Software...........c.ccccsesesessneeees £6.99 


























Power Supply £3.99 


EXTRA CHIPS: 
PIC 16F84 £4.84 











Based on the design in February ‘96 EPE article, Magenta 
have made a proper PCB and kit for this project. PCB has 
‘reset’ switch, Program switch, 5V regulator and test L.E.D.s. 

There are also extra connection points for access to all A and 
B port pins. 


PIC16C84 LCD DISPLAY DRIVER 
INCLUDES 1-PIC16F84 Kit 860 £19.99 


WITH DEMO PROGRAM ear ciereee 
SOFTWARE DISK, PCB, Power Supply £3.99 
FULL PROGRAM SOURCE 


INSTRUCTIONS AND 
24-CHARACTER 2-LINE | CODE SUPPLIED - DEVELOP 
YOUR OWN APPLICATION! 



















































LCD DISPLAY 


Another super PIC project from Magenta. Supplied with PCB, 
industry standard 2-LINE x 16-character display, data, all 
components, and software to include in your own programs. 
Ideal develpment base for meters, terminals, calculators, 
counters, timers — Just waiting for your application! 


% Chip is pre-programmed with demo display *% 


PIC16C84 MAINS POWER 4-CHANNEL 


CONTROLLER & LIGHT CHASER 


WITH PROGRAMMED 16F84 AND DISK WITH 
SOURCE CODE IN MPASM 

ZERO VOLT SWITCHING — eee 
10 CHASE PATTERNS silane ident need 

© OPTO ISOLATED PICT6F84 chip, Easily 

e@ 4X 3 KEYPAD CONTROL re-programmed for your 

@ SPEED CONTROL POT. own applications. Software 
* 
® 



















PIC TOOLKIT 


@ PROGRAMS PIC16C84 and 16F84 

@ ACCEPTS TASM AND MPASM CODE 
Full kit includes PIC16F84 chip, top quality p.c.b. printed with com- 
ponent layout, turned pin PIC socket, all components and software* 
*Needs OBASIC or QUICKBASIC 


KIT 871... £13.99. Built and tested £21.99 


SUPER PIC PROGRAMMER 


READS, PROGRAMS, AND VERIFIES 
WINDOWS® SOFTWARE 

PIC16C6X, 7X, AND 8X 

USES ANY PC PARALLEL PORT 

USES STANDARD MICROCHIP e@ HEX FILES 
OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 
PCB, LEAD, ALL COMPONENTS, TURNED PIN 
SOCKETS FOR 18, 28, AND 40 PIN ICs. 


@ SEND FOR DETAILED Kit 862 £29.99 
JR d hie One Power Supply £3.99 















HARD FIRED TRIACS source code is fully 


commented’ so that it can 


4 CHANNELS @5 AMPS be followed easily. 


Kit 855 £39 . 95 LOTS OF OTHER APPLICATIONS 


- ALL PARTS FOR SERIES INCLUDING 
PhizzyB PCBs, PROGRAMMED CHIP. CD-ROM 
AND DISPLAYS 
MAIN BOARD - FULL KIT ... £131.95 BUILT ... £149.95 


KIT £16.99 BUILT 
















SUPERB PRODUCT AT AN 


UNBEATABLE LOW PRICE. | DISASSEMBLER 
SOFTWARE £11.75 






68000 Trainer’ "ag 


8 MHz 68000 16-BIT BUS 

MANUAL AND SOFTWARE 

2 SERIAL PORTS, PIT, PSU £6. 
AND 1/0 PORTS SERIAL LEAD £3.99 






PIC STEPPING MOTOR DRIVER 
Kit 863 £18.99 





INCLUDES: PCB, 




















PIC16F84 WITH 
Tall : DEMO PROGRAM, a aa a ewe oe amet ee 
Mini-Lab & Micro Lab sorTWwaRE Disk, | RULLSOURCE CODE SUPPLIED. 
INSTRUCTIONS 
AND MOTOR. POWER DEVICES e.g. SOLENOIDS. 





Electronics Tenn f 


As featured in EPE and now 
published as Teach-In 7. All 
parts 

are supplied by Magenta. 
Teach-In 7 is £3.95 from us or 


EPE 

Full Mini Lab Kit - £119.95 — 
Power supply extra — £22.55 @ 
Full Micro Lab Kit — £155.95 
Built Micro Lab — £189.95 


Another NEW Magenta PIC project. Drives any 4-phase unipolar motor — up 
to 24V and 1A. Kit includes all components and 48 step motor. Chip is 

pre-programmed with demo software, then write your own, and re- program 
the same chip! Circuit accepts inputs from switches etc and drives motor in 
response. Also runs standard demo sequence from memory. 


GENT. 


All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99 
Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk 
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FUDGE 

The mains supply in the UK, as everyone now knows (don’t they?), is 230V a.c., changed 
some years ago to fall into line with the rest of Europe. Why? Who knows! However, if you 
measure it you will find that it is actually 240V plus or minus a few per cent, carefully con- 
trolled by the generating companies. 

Most of the time it does not worry us editorially, we quote 230V because someone in 
authority somewhere says that is the standard; we know it’s actually 240V but when you are 
part of Europe you get to a point where you let these things wash over you. This month, 
however, we have had to make it clear that 230V and 240V are actually the same thing! 

In Alan Winstanley’s excellent Pipelines To Pylons feature, Alan explains how the mains 
is derived and how we get to 240V (oops, sorry, 230V) from the 400kV that is originally 
transmitted. Of course, if we call the mains voltage 230V none of the explanations in Alan's 
article make any sense. So, please forgive us Mr. EU, we have had to tell the truth this month 
and let readers know that 230V is just a fudge — what we in the UK actually get is a very 
good, highly reliable, 240V a.c. 50Hz mains supply. But, of course, in future we will do as 
we are told and call it 230V, unless of course at some other time in the future we have to tell 
the truth to make the maths work. 

Perhaps someone somewhere can give us a reason why we need to standardise with the 
rest of Europe and call 240V 230V. It's not as if we have actually changed anything except 
what we call it. We still exchange power with France across the English Channel and appli- 
ances still work happily in any country in Europe. And, as Alan said to us in an E-mail 
“either value is still enough to give you a frizzy hairdo” (or much worse). 


DANGER 

On a more serious note, Alan’s article covers all the points readers have been querying 
over the past months about earthing of the supply, etc. Although I know the basics of sup- 
ply from my training back in the distant past, the article has clarified a number of points for 
me and made me realise how complex power generation now is. 

It also underlines some of the dangers, particularly of high voltage installations and I must 
admit that I did not realise how far power could jump at these voltages. Such installations 
are fenced off for good reason — the message is to stay well away. Don’t ever think that you 
will be safe simply because you won’t touch anything; at the high voltages concerned you 


don’t need to touch anything to be killed. 


AVAILABILITY 

Copies of EPE/ETI are available on subscription 
anywhere in the world (see right), from all UK 
newsagents (distributed by Seymour) and from the 
following electronic component retailers: Omni 
Electronics and Maplin in S. Africa. EPE can also be 
purchased from retail magazine outlets around the 
world. An Internet on-line version can be purchased 
from www.epemag.com 





SUBSCRIPTIONS 

Annual subscriptions for delivery direct to any 
address in the UK: £26.50. Overseas: £32.50 stan- 
dard air service, £50 express airmail. Cheques or 
bank drafts (in £ sterling only) payable to Everyday 
Practical Electronics and sent to EPE Sub. Dept., 
Allen House, East Borough, Wimborne, Dorset 
BH21 1PF. Tel: 01202 881749. Fax: 01202 841692. 
E-mail: subs@epemag.wimborne.co.uk. Also via 
the Web at: http://(www.epemag.wimborne.co.uk. 
Subscriptions start with the next available issue. We 
accept MasterCard or Visa. (For past issues see the 
Back Issues page.) 


BINDERS 

Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed with the magazine logo in gold on the 
spine. Price £5.95 plus £3.50 p&p (for overseas 
readers the postage is £6.00 to everywhere except 
Australia and Papua New Guinea which cost 
£10.50). Normally sent within seven days but please 
allow 28 days for delivery — more for overseas. 


Payment in £ sterling only please. Visa and 
MasterCard accepted, minimum credit card 
order £5. Send, fax or phone your card number 
and card expiry date with your name, address 
etc. Or order on our secure server via our web 
site. Overseas customers — your credit card will 
be charged by the card provider in your local 
currency at the existing exchange rate. . 
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READERS’ ENQUIRIES 

E-mail: techdept@epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a _ self- 
addressed envelope and international reply 
coupons. Due to the cost we cannot reply 
to overseas queries by Fax. 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is 
reliable. We cannot, however, guarantee it and 
we cannot accept legal responsibility for it. 


COMPONENT SUPPLIES 

We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers (see Shoptalk). 
We advise readers to check that all parts are 
still available before commencing any project 
in a back-dated issue. 


ADVERTISEMENTS 

E-mail: adverts@epemag.wimborne.co.uk 
Although the proprietors and_ staff of 
EVERYDAY PRACTICAL ELECTRONICS/ETI 
take reasonable precautions to protect the 
interests of readers by ensuring as far as 
practicable that advertisements are bona fide, 
the magazine and its Publishers cannot give 
any undertakings in respect of statements or 
claims made by advertisers, whether these 
advertisements are printed as part of the 
magazine, or in inserts. 

The Publishers regret that under no circum- 
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. Legal 
remedies are available in respect of some of 
these circumstances, and readers who have 
complaints should first address them to the 
advertiser. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; overseas readers 
should check local laws. 


635 


Starter Project 


LOOP AERIAL 
SW RECEIVER 


ROBERT PENFOLD 














You dont have to surf-the-net to 
capture the world. Just build this 
low-budget receiver and be amazed! 






HERE have been electronic projects 

j for just about everything imaginable 

published in recent years, but a 
simple shortwave (SW) receiver is still one 
of the most interesting electronic devices 
that you can build. 

Commercial shortwave sets are now 
highly sophisticated pieces of electronics, 
and it is probably not feasible for the home 
constructor to compete with these. 
However, at the other end of the scale it is 
possible to produce simple and inexpensive 
receivers that are fun to build and will pick 
up numerous stations from around the 
world. 


IN RANGE 


The design featured here is intended for 
broadcast band reception at frequencies 
from about 4-5MHz to 14MHz. This pro- 
vides coverage of the popular 49, 41, 31, 
25, and 22 metre bands. It does not require 
an elaborate aerial or an earth connection, 
and the aerial is a form of loop antenna. 

The term “loop” is perhaps not entirely 
appropriate in this case, because the aerial 
is actually about 2-5m of 300 ohm imped- 
ance ribbon feeder. This form of loop 
antenna has the advantage of being easy to 
accommodate, and it seems to provide 
quite strong output signals. 

The loop is, in fact, about two or three 
metres on one dimension and only about 
10mm on the other, rather than a circle of 
around two metres in diameter, but this 
does not seem to have a drastic effect on 
performance. The output of the set is ade- 
quate to drive either a crystal earphone ora 
pair of medium impedance headphones. 

This is a very simple design using just 
three transistors. There are no unusual coils 
to wind or buy because the loop aerial also 
acts as the tuning coil, so it is very easy to 
build. 


TUNED CIRCUIT 


The block diagram of Fig.1 shows the 
simple arrangement used in this SW 
Receiver. Conventionally, the aerial is a 
long piece of wire which has one end con- 
nected to the receiver and the other end left 
unconnected. The aerial provides signals 
over a wide range of frequencies and a filter 
must remove all except those signals that 
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-are close to the 


required reception 
frequency. 

A sophisticated receiver has complex 
circuits to provide this filtering, but a sim- 
ple receiver such as the one featured here 
has to rely on one simple filter. This is 
invariably a parallel tuned circuit, which is 
merely a capacitor connected in parallel 
with an inductor. 


LOOP AERIAL REGENERATION 


AMPLIFIER 


TUNING 
CAPACITOR 





At a certain frequency, called the “reso- 
nant frequency’’, this type of circuit has 
infinite impedance. Away from the resonant 
frequency the impedance falls away rapid- 
ly to a low level. In effect, signals at or 
close to the resonant frequency are allowed 
to pass through to the subsequent stage 
while signals at other frequencies are short- 
circuited to earth. 

In this design the aerial and the inductor 
in the tuned circuit are one and the same. 
The aerial is a large single-turn inductor, 
and the size of the aerial determines its 
inductance. The capacitor in the tuned cir- 
cuit is a variable type, and this permits the 
reception frequency to be varied over a 
wide frequency range. The aerial only 
operates efficiently at its resonant frequen- 
cy and at nearby frequencies, and this gives 
much the same result as using a separate 
long-wire aerial and tuned circuit. 

The output from the aerial feeds a two- 
stage amplifier that has a buffer stage to 
provide a high input impedance. This is 
essential, as loading on the tuned circuit 
would otherwise reduce its efficiency to the 
point where it would not give adequate 
bandpass filtering. The second stage of the 
amplifier provides a substantial amount of 
voltage amplification. 


A.M. 
DEMODULATOR 








This very simple form of receiver has 
two main shortcomings, which are a lack of 
sensitivity and inadequate selectivity. A 
receiver’s selectivity is its ability (or lack of 
it) to pick out just one transmission from 
several stations on similar frequencies. 
Without some help a single tuned circuit 
does not provide adequate selectivity. 


POSITIVE FEEDBACK 


This help is in the form of positive feed- 
back from the output of the amplifier to the 
tuned circuit at the input. As one would 


HEADPHONES 


AF. 
AMPLIFIER 


Fig.1. Block diagram for the simple Loop Aerial SW Receiver. 


expect, this recycling of some of the signal 
provides an effective boost in gain, and 
improved sensitivity. 

Less obviously, it also provides a great 
improvement in selectivity. This is due to 
the fact that there is more feedback at the 
centre of the passband than there is away 
from resonance where the receiver operates 
less efficiently. This feedback, or “‘regen- 
eration” as it is normally called in this con- 
text, therefore provides a much higher 
boost in sensitivity at the centre of the pass- 
band, narrowing the passband in the 
process. 

There is a definite limit to the amount of 
feedback that can be used, and exceeding 
this limit results in the circuit breaking into 
oscillation. Optimum results are obtained 
with the regeneration control set just below 
the point at which oscillation occurs. 

The output from the amplifier is fed to a 
conventional a.m. demodulator that recov- 
ers the audio signal from the received rf. 
(radio frequency) carrier wave. Even on 
strong signals the output level from the 
demodulator will be quite low, and an 
audio amplifier is therefore used to boost 
this signal to a more usable level. Good 
volume is obtained from a crystal earphone 
or medium impedance headphones. 
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CIRCUIT OPERATIO: 

The complete circuit diagram for the 
Loop Aerial SW Receiver is shown in 
Fig.2. L1 is the loop aerial itself, and VC1 
is the tuning capacitor. TR1 is a junction 
gate field effect transistor (j.f.e.t.) which is 
used here in the common source mode. 
Unlike an ordinary bipolar transistor, a 
j.f.e.t. requires a reverse bias in order to 
provide linear amplification. 

Resistor R2 results in the source(s) of 
TR1 being taken to about 0-5 volts or so 
positive, while aerial coil L1 biases the gate 
(g) input to the OV rail and provides the 
small reverse bias. Bypass capacitor C2 
removes the negative feedback that would 
otherwise be introduced by R2. 

Transistor TR1 provides a certain 
amount of voltage gain, but its main pur- 
pose is to provide a high load impedance 
for the tuned circuit. A high input imped- 
ance is a natural characteristic of a j.f.e.t. 
and other field effect devices. 


GAIN 


Most of the voltage gain is provided by 
pnp transistor TR2, which operates as a 
simple common emitter amplifier. 
Regeneration control VR1 enables a con- 
trolled amount of feedback to be provided 
over the entire amplifier via capacitor Cx. 
The value of Cx is extremely low, and it is 
not actually a “proper” capacitor. It is 
simply two short pieces of insulated wire 
twisted together. 


*SEE TEXT 


Puy _ ski 


VOL. 


ea 








Capacitor C3 couples the output of TR2 
to a conventional diode demodulator, 
which has D1 and C4 to respectively pro- 
vide the rectification and the smoothing. 
The amplitude of the carrier wave is pro- 
portional to the audio signal voltage. 

On the face of it, simply using some low- 
pass filtering will give an output signal that 
is equal to the average signal level, and 
therefore provides the required audio out- 
put signal. In practice this would not 
happen because the carrier wave is an a.c. 
signal, and the positive half cycles balance 
the negative half cycles to give an average 
output voltage of zero. Removing one set 
of half cycles eliminates this balancing, and 
gives the required demodulation. 

Potentiometer VR2 is the “load resistor” 
for the demodulator and is also the volume 
control. From here the signal is coupled, 
via C5, to a common emitter amplifier 
based on transistor TR3. The output power 
available from TR3 is not very great, but it 
is sufficient to drive a crystal earphone. It 
will also drive medium impedance head- 
phones if the phones are connected in 
series. Other types of headphone and ear- 
phone are unlikely to provide acceptable 
results. 

The current consumption of the circuit is 
around 12mA or so. A good quality PP3 
size battery is adequate to power the set, 
but if it is likely to receive a great deal of 
use it would be more economic to use six 
AA-size cells in a holder. 
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Tu 
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COMPONENTS 


Resistors 
R1 1k See 


R2 560Q 
R3 470k S lt ©)[P 
in ae TALK 
R6 2k2 page 

All 0:25W 5% carbon film 


Potentiometers 
VR1 1k rotary carbon, lin 
VR2 4k7 rotary carbon, log 


Capacitors 

1n Mylar (2 off) 

10n ceramic (2 off) 

1u radial elect. 50V 

100u radial elect. 10V 
(2 off) 

365p variable 
(see Shoptalk) 

twisted lead, see text 


Semiconductors 

D1 OA91 germanium 
signal diode 

TR BF244A n-channel j.f.e.t. 

TR2 BC559 pnp silicon 
transistor 

TR3 BC549 npn silicon 
transistor 


Miscellaneous 

S1 S.p.s.t. min toggle switch 

B1 9V (PP3) battery, 
see text 

SK1, SK2 2mm or 4mm socket 
(2 off) 

SK3 3°5mm jack socket 

(see text) 
2mm or 4mm plug, to 

match sockets SK1, 

SkK2 (2 off) 

L1 300 ohm ribbon feeder 
(approx 2:5m) for aerial 
loop (see text) 

Metal instrument case, see text; 0-1 inch 
pitch stripboard, size 31 holes x 20 copper 
strips; control knob (3 off); crystal ear- 
phone or headphones (see text); battery 
connector; wire; solder pins; solder, etc. 
Vo) ol ge) am Orel | 


Guidance Only 3 1 1 


(=) Co] Mano}: | | Oa <1 gf] ) (mor) 0) 


PLI, PLZ 





$1 





Fig.2. Complete circuit diagram for the Loop Aerial SW Receiver. The loop aerial is a single “loop” of about 2:-5m of 300 ohm 
feeder cable and full details can be found in Fig.3 
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CONSTRUCTION 


This simple receiver circuit is built up on 
stripboard and the component layout and 
wiring, together with the underside view 
showing breaks in the copper tracks, are 
shown in Fig.4. The board measures 31 
holes by 20 copper strips, but it is not sold 
in this size. 

Commence construction by cutting a 
larger piece of board to size using a hack- 
saw, cutting along the rows of holes. This 
produces some rough edges but they are 
easily filed to a neat finish. 

Next the two 3mm diameter mounting 
holes are drilled in the board and the three 
breaks in the copper strips are made. A spe- 
cial tool for cutting copper strips is avail- 
able, but a handheld twist drill of about 
5mm in diameter does the job quite well. 
Whatever tool you use, make sure that the 
strips are broken across their full width. 

The board is now ready for the compo- 
nents to be fitted. Fit the resistors and 
capacitors first, making sure that the three 
electrolytic capacitors have the correct 


orientation. Use single-sided solder pins at 
the points where connections to the sockets, 
controls, and battery clip will be made. 
Finally, fit the semiconductors, making 
sure they have the correct orientation. 
Diode D1 is a germanium device, which is 
more easily damaged by heat than the usual 
silicon devices such as TRI to TR3. It 
should not be necessary to use a heatshunt 
when connecting this component, but make 
sure that the soldered joints are completed 
quickly. Having connected one lead, allow 
a few seconds for the component to cool 
down before connecting the other lead. 


CASING-UP 


Shortwave receivers are traditionally 
built into metal cases, but this design does 
not rely on the case to carry any connec- 
tions and it can be housed in a plastic case 
if preferred. It is important to keep the 
wiring reasonably short, and it is probably 
best not to depart too far from the general 
layout used for the prototype (see 


photographs). 
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VARIABLES 


It is advisable to use a large control knob 
on tuning control VC1 because this makes 
accurate tuning easier, but | will necessitate 
the use of a fairly tall caSe. Ideally, VC1 
would be a high quality air-spaced variable 
capacitor such as a 365pF Jackson type “O”’. 

Unfortunately, components of this type 
tend to be very expensive, and some of the 
solid dielectric types (as used on the proto- 
type) are not much better in this respect. 
Probably the best low-cost option, if you can 
find one, is to use a good quality ‘“‘surplus” 
air-spaced component. Any maximum value 
from about 250pF to 500pF will do. 

Another alternative is to use a low cost 
solid-dielectric component, such as used in 
“transistor radios”. These usually have two 
“a.m.” sections, which are used in parallel 
(i.e. wire the two non-earth terminals 
together). Any low value “f.m.”’ sections 
can be wired in parallel with the “a.m.” 
sections or just left unused. 

Some variable capacitors require the 
usual 10mm diameter mounting hole, but 


“ 


WIRES 
CONNECTED 
TOGETHER 
















TO BATTERY B1 
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Fig.3. Stripboard component layout, off-board interwiring and board underside showing breaks in copper tracks. “Loop” aerial 
details are shown at the top and the completed board above. 
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most are fixed to the front panel using two 
or three short screws that fit into threaded 
holes in their front plates. With this second 
type it is often easier to glue them in place 
using a good quality adhesive such as an 
epoxy type. If longer fixing screws are 
used, make sure they do not penetrate so far 
into the front plate that they damage or foul 
the vanes. 


SOCKETS 


Sockets SK1 and SK2 are mounted on 
the rear panel of the case, and they must be 
quite close together (a gap of 15mm is 
about right). If the set will be used with a 
crystal earphone SK3 must be a 3-5mm 
jack socket, which matches the plugs nor- 
mally fitted to this type of earphone. The 
switch contact fitted to open style sockets 
of this type is not required in this case, and 
one tag is therefore left unused. 

A 3-5mm stereo socket is required for 
medium impedance headphones of the type 
sold as replacements for use _ with 
“Walkman” style units. These sockets are 
available in several styles, and the retailer’s 
literature should include connection infor- 
mation. The *phones are used in series, 
which means that the common earth tag is 
left unconnected and the board is wired to 
the other two tags. 

The circuit board is mounted on the base 
panel of the case using metric M2:5 screws. 
Include spacers about 6mm long between 
the board and the case. 

The wiring is perfectly straightforward, 
see Fig.3, apart from capacitor Cx. Ideally 
this would be made from two pieces of sin- 
gle-strand insulated wire, but ordinary 
multi-core connecting wire will do. Simply 
twist the ends of the wires together so that 
they are entwined over a length of about 
50mm. If you use multi-core wire it is 
advisable to wrap some tape around the 
wires to ensure that everything stays in 
place. 


AERIAL 

Details of the aerial are also provided in 
Fig.3. A 2:5 metre length of 300 ohm 
ribbon feeder provides the approximate fre- 
quency coverage specified previously. 
Alternatively, you can use two aerials of 
different lengths to give the receiver two 
bands, and broaden its frequency coverage. 

Band changing is then achieved by 
unplugging one aerial and connecting the 
other instead. This is a rather crude way of 
doing things, but is essentially the same as 
the plug-in coil method that has traditionally 
been used for simple shortwave receivers. 

Realistically, the receiver is unlikely to 
perform well at very high frequencies, and 
there are relatively few a.m. broadcast sta- 
tions to be found on the low frequency 
bands. One aerial about 1-5 metres long 
and one about 3-5 metres in length will pro- 
vide coverage of the broadcast bands from 
60 metres to 13 metres. Using 300 ohm 
ribbon feeder is not particularly expensive, 
so you might like to experiment with 
aerials of various lengths to see what, if 
anything, can be received at higher and 
lower frequencies. 

It is very easy to make the aerial. Start by 
removing about 25mm of the plastic “‘rib- 
bon” at each end of the cable using a sharp 
modelling knife, taking due care not to cut 
either yourself of the wires in the cable. 





Suggested component layout and wiring inside the prototype metal case. The aerial 
and headphone sockets are mounted on the rear panel. Space must be allowed for 
a 6-cell AA-size battery pack if the receiver is to be used regularly. 


Using ordinary wire strippers remove a 
few millimetres of insulation from each end 
of both wires, and “tin” the exposed ends 
with solder. At one end of the cable solder 


the two wires together to close the loop. At 


the other end of the cable fit two 2mm or 
4mm plugs to match the type of socket used 
for SK1 and SK2. 


IN USE 


After a final check of the wiring it is time 
to connecting everything together and test 
the receiver. The aerial will not work well if 
it is left in a crumpled heap, but on the 
other hand it does not have to be kept per- 
fectly straight. The prototype worked well 
with the aerial at about 30 degrees to the 
horizontal with the far end fixed to a cup- 
board with a piece of Bostik Blu-Tack. 

With Regeneration control VR1 fully 
backed-off in a counter clockwise direction 
and Volume control VR2 well advanced it 
will probably be possible to receive a few 
stations, but not very well. Accurate adjust- 
ment of the Regeneration control is crucial if 
good results are to be obtained. Advancing 
this control should give much improved 
results with better sensitivity and selectivity. 

However, as explained previously, 
advancing the Regen- 
eration control too far 
results in the set break- 
ing into oscillation. {§ _— 
This will be heard as | TUNING 
increased noise in the | i “| 
headphones, and a tone 
of varying pitch as the 
set is tuned across a 
station. 

Optimum results are 
obtained with the 
Regeneration control 
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backed off just far enough to bring the set 
out of oscillation. Any large changes in the 
setting of tuning control VC1 will probably 
require some _ readjustment of the 
Regeneration control in order to maintain 
good results. 


RECEPTION 


The main shortwave broadcast bands will 
provide a range of interesting stations at 
practically any time of the day. Bear in mind 
though, that reception is at the mercy of the 
upper atmosphere, and is affected by factors 
such as the weather, sunspot activity, and the 
time of year. At times reception may be 
exceptionally good, while at other times the 
bands might provide few signals at all. 

Normally, in the UK, it will be possible 
to receive stations from all over Europe, 
plus perhaps a few stations in North Africa, 
the Middle East, etc. When conditions are 
favourable it is possible to receive stations 
from much further afield. 

You do not have to be a linguist to follow 
some of the programmes, as many countries 
put out programmes in English. For example, 
one of the first transmissions heard when 
testing the prototype was an English 
language broadcast from Turkey. [] 
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New Technology 


T semiconductor industry has been 
predicting the demise of photolithogra- 
phy for almost as long as the technique has 
been in existence. Photolithography is the 
process that defines the details on the sur- 
face of the semiconductor using masks and 
photoresistive solutions enabling areas of 
the surface to be protected or left exposed 
for diffusion or etching. By repeating the 
processes many times it is possible to build 
up the different structures within the semi- 
conductor circuit. 

As the sizes of the different features in 
the i.c.s have been reduced over the years, 
so the requirements placed on the pho- 
tolithography process have increased. Over 
a period of ten years the feature sizes have 
fallen dramatically. Now manufacturers 
have to support sub-micron sizes for all 
their new products. Sizes of 0-1 microns 
are being talked about for production 
although the procedures for achieving this 
are not easily available at the moment. 

Not only does this push the manufactur- 
ing tolerances right to the limit, but it also 
means that the photolithographic process 
requires further development. To achieve 
this the process needs to be optimised to 
enable it to cope with the minute sizes that 
are required, and a greater problem is that 
the sizes are now below the wavelength of 
light itself and this places a physical limit 
on the ultimate performance of the 
technique. 


Despite these problems the sizes have 
continued to shrink. New methods of over- 
coming problems have now been found 
although a few years ago they appeared to 
be insurmountable. This has enabled 
today’s i.c.s to become a reality. Further 
developments are now required if the sizes 
are to fall even further. 

Whilst photolithography is a technology 
that has been used for very many years, it 
is one that is likely to remain for some time 
yet. With the huge investments required to 
enable new technologies to be introduced, 
and the enormously competitive nature of 
the industry, it is essential that manufactur- 
ers quickly see a return for their money. 

This has given the impression that com- 
panies may appear to be very conservative 
when it comes to revolutionary new tech- 
nologies that require completely new lines 
to be installed. As a result methods of sig- 
nificantly improving techniques based on 
lithography have continued to surface. 

As feature sizes started to shrink towards 
the limits of conventional light, ultra-violet 
with its shorter wavelengths was used. 
This approach is now used in the 
production of many of the i.c.s being 
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lan Poole investigates the problems facing the 
photolithography process of producing today's 1.c.s and 
finds that new ideas and techniques need to be explored 


manufactured today. However, to be able 
to achieve the feature sizes that are 
required for the new designs being devel- 
oped it is necessary to progress further and 
introduce new ideas to be able to meet the 
required performance in manufacturing. 


One way in which the required defini- 
tion can be obtained is by the use of a 
technique called ‘“phase-shifting’’. 
Although the technique has been known 
for many years it is only now that it has 
been developed to a stage that it can be 
used commercially by a company named 
Numerical Technologies based in Santa 
Clara, California, USA. 


° ites” 
180 PHASE SHIFTER 
WITHOUT PHASE 


SHIFT : 


WITH PHASE SHIFT ~ 


Fig.1. Phase shifting technique. 


The new patented approach basically 
uses a software package to generate 
masks to phase-modulate the light in a 
two pass process. As shown in Fig. 1, 
phase shifting selectively modulates the 
phase of light as it passes through the 
photomask. The high-quality image pro- 
duced by this process greatly improves 
resolution and depth of focus so that the 
tiny features in designs can “print” accu- 
rately on a wafer. 

One of the advantages of the new system 
is that it is compatible with existing indus- 
try standards. The software package takes 
inputs from industry standard i.c. layout 
files and then automatically configures 
them for phase-shifting photomasks. The 
phase-shifting masks will print polygate 
lengths as small as 0-09 microns, about 
half the length in today’s leading-edge 
1.C.S, using the standard 248nm wavelength 
light. 

The new system is being well received in 
the market. Early this year Motorola indi- 
cated they are to deploy the system in their 
production to enable them to manufacture 
PowerPC processors with increased speed 
for communication applications. This was 
undertaken as a joint venture between 
NumeriTech and Motorola and will allow 
them to shrink the gate lengths to 0-10 
micron with the existing manufacturing 
processes. 


In addition to using a phase-shifting mask 
it is possible to further enhance the images 
by using a process named optical proximity 
correction (OPC). The process, it is claimed, 
resolves the distortion that results from a 
variety of factors including optical proximi- 
ty as well as diffusion and the effects 
associated with etching and the resist itself. 

It is found that as the shapes progress 
from the original design through the reduc- 
tion to the final mask and then into the 
manufacture of the silicon, they become 
less well defined. This is witnessed by 
effects such as the rounding of corners or 
the shortening of lines. 

There are a variety of techniques that are 
used to achieve improvements. The outside 
corners can be enhanced by the addition of 
small squares. The inside corners can be 
trimmed so that excessive rounding or line 
shortening is reduced or prevented. 

The corrections also make the final wafer 
image match the designer’s layout more 
closely, preventing short and open circuits. 
It also means that the final chip more 
accurately matches the original simulations. 


As might be expected phase-shifting and 
optical correction are not the only tech- 
niques that are being developed. Other 
techniques have their place as well. 

One, known as electron beam lithogra- 
phy, uses the same basic techniques as 
photolithography, but instead of using light 
to expose the photo-resist, it utilises an 
electron beam. Naturally a different photo- 
resist must be used — one that is sensitive to 
an electron beam. 

As these beams have a much shorter 
wavelength it is possible to achieve higher 
degrees of definition. The system effec- 
tively writes directly onto the wafer, and 
the performance is highly dependent upon 
the beam forming optics. 

One of the main drawbacks of this sys- 
tem is that because it uses an electron 
beam, rather than light, this process must 
take place in an evacuated chamber. This 
makes throughput much lower and this is a 
critical aspect of any semiconductor manu- 
facturing process these days. 

Whatever techniques are used, it can be 
seen that there are still plenty of options to 
reduce the feature sizes within integrated 
circuits still further. However, a point will 
eventually come when it is not possible to 
use photolithographical methods. Even 
now research is being invested in possible 
methods of overcoming these problems, 
and it will be interesting to see what arises 
in the coming years. 
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It's not hard to see why Quickroute is so easy to use! We've integrated mixed mode 
simulation, schematic capture, PCB design with autorouting and CAD-CAM support into 
one integrated environment. Best of all, prices start at just £99.88 inclusive* for the 
complete system with support for 300 pins - less than the price of some simulators alone! 


Quickroute 4.0 features a modern user interface with active buttons and dockable tool 
bars. Frequently used tools can appear on floating tool pallettes for quick access, and 
with tool-tips and on-line help you can be sure of getting information on Quickroute's 
features fast. 


To create a schematic in Quickroute 4.0, simply click on the symbol browser and select 
and place symbols onto the design area. Use the ‘intelligent’ wires, power rails and data 
bus elements to 








quickly wire up your 
schematic and 
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rats nest will then 
appear (no messy 
netlists required!). 


/CADCAM < 


Use the multi layer 
autorouter, and/or 
manual routing to complete your PCB together with copper 

fill, etc as required. Finally print your design, or create CADCAM files suitable for 
manufacture (we even include a Gerber viewer for checking). 


But it doesn't end there! Quickroute 4.0 includes engineering change for automatic 
updating of your PCB from the schematic, netlist import & export so that you can link to 
other EDA packages (including many simulators), DXF, SPICE, and WMF file export 
together with over 1000 library symbols. 


Call us now and find out why Quickroute 4.0 Makes it Easy! 


milexs) 


0800 731 28 24 





Heaton Lane Stockport SK4 1BS UK 
Copyright (C) 1998 Quickroute Systems Ltd. All 
rights reserved. All trademarks are the property 
of their respective owners. 


*Includes UK P&P and VAT. Phone for EC/World prices. 
**Design cycle figure shows screen shots from different projects. 
Prices & specification subject to change without notice. 





FAX 0161 476 0505 TEL 0161 476 0202 
Quickroute Systems Ltd Regent House 


















FM radio transmitter kits from as little as 
professionally built systems 
from only 
systems: kits up to 
professional 
systems up to 


Full range of 
and accessories 
available 


Professional | 
systems available. 


VeronicaFM V35 RSL systems “ 
are cheaper than renting! High quality, 
powerful RSL specific systems at 
unbelievable prices: from just 
ssystems also available, as an add-on to an 
existing transmitter, or as part of a complete system 





for more information 
and a free brochure 


Siri Pm larcel(Oac:]celallor- isi meremel. 


Ob279 BbbeOO (ner 


VeronicaFM, 18 Victoria Street, Queensbury, Bradford, West Yorks, BD13 1AR 
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PHONE-LESS INTERACTIVE TV 


A roundup of the latest Everyday 
News from the world of 





electronics 






Irish viewers will soon be able to participate in TV programs while at home, 
and without a phone-link. Barry Fox reports. 


OUTHERN Ireland will pioneer the use of 

anew digital TV system that lets viewers 
interact with the broadcaster, without need- 
ing a phone, cellphone or cable connection. 
The service will be launched next year by 
Digico, a private company now being spun 
off from state broadcaster RTE, Radio 
Telefis Eireann. Digico will offer teleshop- 
ping and let millions of viewers vote on quiz 
questions or political issues without over- 
loading the country’s phone system. 

Digico will compete head on with 
Ireland’s Cablelink cable system, bought 
recently by NTL, and with Rupert 
Murdoch’s Sky satellite service which 
already transmits digital services into Eire 
but needs a phone line for interaction. 


WINDS in the Rigging 

RTE is developing the technology, called 
WINDS or Wireless Interactive Network 
for Digital Services, with EU funds. 
Digital terrestrial TV signals are broadcast 
in the usual way, using Europe’s Digital 
Video Broadcasting standard. But the 
home receiver also works as a low power 
transmitter, sending data signals back to 
Digico’s masts from an existing UHF roof- 
top or set-top aerial. 

The Irish government has allocated 
1MHz slices of the UHF spectrum to carry 
the return path signals. Each slice is split 
into 1000 very narrow channels and the 
receiver can hop between channels until it 
finds one in its area that is clear. 

WINDS borrows from GSM digital cell- 
phone technology to keep transmission 
powers at a minimum, and so let the system 
re-use the same frequencies in closely 
neighbouring areas. The receiver transmits 
and receives test signals, and automatically 
optimises its transmission strength. Urban 
areas will have more 1MHz slices and use 
relay stations to let the receivers transmit at 
very low power, in very small cell zones. 


Wide Range Coverage 

Because Ireland has spare UHF frequen- 
cies and is a long way from other coun- 
tries’ transmitters, 30 masts will be able to 
transmit digital TV programmes at high 
power and reach 98 per cent of homes. Up 
to 20,000 receivers can transmit back to 
one broadcast mast at the same time. 

The return path bit rate changes depend- 
ing on what data has to be transmitted, and 
the data is packaged like a TC/IP Internet 
signal to make it error-resistant. Recent 
tests with CCETT, the Centre Commun 
d’Etudes de Telediffusion et Telecom- 
munications, at Rennes in France, have 
shown that a home receiver can return a 
data signal 30 kilometres with transmis- 
sion powers of well under the one watt 
licensed by the Irish government. 
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Although Digico will only have airspace 
for six broadcast channels, carrying less 
than 40 programmes, the company plans to 
launch in September 2000 with a receiver 
that houses a 25 gigabyte hard disk. This 
will let the viewer store up to 10 movies 
for later viewing. 


Says Peter Branagan, Director of Digital 
Planning at RTE, “Interactivity is the new 
paradigm. WINDS can provide a wireless 
return path that is free to use and adds less 
than 30 Euros to the cost of the receiver. 
And viewers will be able to interact even 
when their teenagers are on the phone” 





HEADBAND MAGNIFIER 








APART from a good selection of test equipment and a wealth of enthusiasm, the intrepid 
electronics enthusiast needs one other vital workshop aid, good eyesight. Sadly, good 
vision is not necessarily an attribute always readily available and the miniature size of so 
many of today’s components can make a fair number of enthusiasts feel inadequately 
equipped! Where funds permit, some enthusiasts faced with this problem emulate pro- 
fessional workshop engineers and have a large bench-mounted angle-poise magnifier 
complete with its own light source. Such things are not cheap, however. 

Readers who would like to inexpensively improve their ability to view fine detail might 
care to consider Sheshto’s new versatile Headband Magnifier Kit. It really is an astonish- 
ingly simple yet ingenious approach to the problem. It comprises an adjustable head- 
band, four interchangeable pairs of lenses, and a spotlight! 

Shesto say that it provides the complete answer for achieving the best results when 
doing close-up work and offers the ideal way to work on any craft, hobby or DIY project, 
leaving your hands free to get on with the job. We salute our irons to that belief! 

The four precision-ground optical lenses are designed to cover all focal lengths need- 
ed from semi-close-up to very close-up and are easily changed over with the simple clip- 
in slots on the headband. The lenses can be pushed up out of the line of vision when not 
required. The magnifications and working distances are: 1:2x 520-620mm (20-24in), 1-8 
230-320mm (9-12in), 2-5x (150-25mm (5-10in), 3:-5x 80-120mm (3-5in). 

As can be seen in the photo, the battery operated adjustable spotlight is very neatly 
incorporated on the top of the headband. It can be switched on for those extra delicate 
close-up jobs. Those of us whose eyesight is no longer 20-20 will know that just increas- 
ing the illumination on a subject can on its own help the eyes to focus better. 

The price of £34.95 plus £3.00 p&p is a very small outlay for something that could well 
enhance your ability to take a closer view of the world, and especially your hobby. 

Shesto state that for 90 years they have specialised in tools, supplies and equipment 
for technicians and craftsmen. They say that their Essential Tool and Reference Guide is 
packed with useful information and features over 2000 hard to find tools and references; 
its price £5. 

For more information, contact Shesto Ltd., Dept EPE, Unit 2, Sapcote Trading Centre, 
374 High Road, Willesden, London NW10 2DH. Tel: 0181 451 6188. Fax: 0181 451 5450. 
(No web site or E-mail quoted.) 
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Barry Fox, with ear to the ground, hears 
whispers about a new amplifying system. 


CHNOLOGY is now available to help 
judges hear people who are nervous in 
court, and let the world hear MPs who 
mumble in Parliament. After developing a 
system to help audiences hear what was 
going on in a local children’s theatre, 
Philips of the Netherlands is using its 
Profecta Acoustic Feedback Suppressor to 
let a public address system sound four 
times louder than is usually possible with- 
out “howlround”’ feedback. 

Audio systems howl because the micro- 
phones pick up stray sound from the loud- 
speakers, and feed it to the amplifier and 
back to the loudspeakers. So the sound 
goes round in circles, getting louder all the 
time and finally resonating like an organ 
pipe at whatever frequency the system is 
most efficient at reproducing. 

Early feedback suppressors worked by 
filtering out the resonant frequency. This 
kills the howl but makes the reproduced 
sound very unnatural. 

More modern systems de-correlate the 
input and output sound by shifting the fre- 
quency of all the sound from the speakers 
by around 5Hz. So the microphones do not 
reinforce the same frequencies in a vicious 
circle. This limits feedback but adds a 
myriad of faint echoes to the sound, all 
with slightly different pitch, like an 
acoustic hall of mirrors. So a single voice 
Starts to sound like a choir. 

If a de-correlation system adds more 
than 3dB gain over the level at which feed- 
back would normally start, the echo effect 
becomes offensive and makes speech 


unintelligible. As the human ear needs an 
increase of 10dB to register a subjective 
doubling of loudness, a 3dB improvement 
is hardly noticeable. 

Philips Communication and Security 
Systems division has now programmed 
digital signal processing chips to shift the 
frequency of the sound while predicting 
what the added echoes will be like. 
Profecta AFS then generates signals which 
exactly match the predicted echoes in 
pitch and level, and subtracts them from 
the microphone input. So the shifted 
sounds coming from the speakers never 
reach the amplifier. 

This lets the amplifier add around 20dB 
more gain than would normally cause 
feedback howl, and without a choir effect. 

Philips first tried Profecta AFS at a chil- 
dren’s theatre called de Schalm near its 
laboratory at Eindhoven’ in_ the 
Netherlands. The theatre had to sling the 
stage microphones high to stop the chil- 
dren hitting their heads when they skipped 
and jumped around the stage. The high 
microphones were then unable to pick up 
the performers’ voices without feedback. 
Since AFS was installed the audience has 
for the first time been able to hear what is 
being said and sung. 

Philips then packaged AFS in a rack 
mount for sale to PA firms, at around 
£2500. Units have already been installed 
in the Dutch and Spanish Parliaments, and 
were recently demonstrated to the UK’s 
Houses of Parliament and Royal Courts of 
Justice. 


DIGITAL TV COLLEGE 


WE were extremely interested to learn that the College of North West London has start- 
ed courses on servicing digital TV equipment. Their press release comments that bridg- 
ing the gap between old and new technology is the challenge that faces all training 
establishments. Whilst digital TV was launched last year to a mixed reaction, it is now tak- 
ing off in a big way and the College says that it is streets ahead of the field in offering the 
latest state-of-the-art servicing facilities. 

The College has invested £20,000 on installing 20 digital TV workstations, fully 
equipped with digital storage oscilloscopes, spectrum analysers and logic probes, to 
allow students to test and fault-find using digital TV receivers, both satellite and terres- 
trial. It has a selection of digital set-top decoders from various major manufacturers, 
including Philips, Nokia and Pace, and trains students to service all of them. 

It is still the only FE college in the UK to provide digital TV training courses, because 
the technology is so new. This means that it attracts lecturers and engineers from 
employers all over Britain, including the BBC, IBM, the Comet chain and other FE 
colleges. 

Deputy Head of Department John Raynard says that “Our intention is to bridge the gap 
between analogue/digital technology and microprocessor-based systems. We offer one- 
day courses for the servicing industry, either on college premises or on site. They can be 
either off-the-shelf or customised for service engineers who need a specific updating or 
upgrading programme.” 

The College offers three current one-day courses, held approximately once a month, 
leading to college certificates, which are: Digital TV Broadcasting and Reception, 
Servicing Digital TV Decoders, Microprocessors for TV Service Engineers. 

Additionally, the College has received accreditation to offer the City & Guilds course on 
Digital TV at Level 3 of the Electronic Servicing 2254 from September ’99. The College 
will set the exams, but students who pass will get a C&G certificate — the first college- 
devised unit of this type in the UK. 

For further information contact Kay Shelley, College of North West London, Dudden 
Hill Lane, London NW10 2XD. Tel: 0181 208 5196. Fax: 0181 208 5151. Web: 
www.cnwil.ac.uk. (Say that EPE has told you about the College.) 





GREENWELD 
RE-LIVES! 


IT’S always heart-warming to be able to 
report good news about a situation that had 
previously seemed depressing. In our July 
issue we reported that Greenweld 
Electronics had ceased trading, but that a 
purchaser for the business was being 
sought. We are delighted to report that a 
purchaser has indeed been found and that 
the name Greenweld will soon reappear. 

The name and assets of this renowned 
electrical and mechanical surplus 
company have just been bought by a new 
company run by two brothers with a 
science background. 

By the time you read this, the company 
will have started operations from their new 
base in Essex and a catalogue will be 
mailed out at the beginning of September 
to all those on the database. The new com- 
pany will continue to supply the same 
range of goods which it hopes to supple- 
ment with additional items of a general 
scientific and technical nature. 

We have received this information just 
as we go to press with this issue and do not 
yet know details of what is happening with 
the previous Greenweld site at 
Southampton, nor do we know details of 
the new location in Essex. We hope to pub- 
lish information on both matters in the 
next issue. Hopefully we shall also be able 
to tell you a bit more about the company 
which has resurrected Greenweld. 

All too often over the years we have seen 
the demise of enterprising electronics 
businesses. It is really good to know that 
Greenweld has been saved and wish the 
venture every success.. 

Until we can provide more details, you 
can contact Greenweld as follows: E-mail: 
greenweld@aol.com. Fax: 01992 613020. 
Web: www.greenweld.co.uk. (Phones had 
not been installed at the time of writing.) 


e e 9 
Hi-Fi Show ’99 
THE Hi-Fi Show, Europe’s biggest hi-fi 
and home entertainment exhibition, will 
be staged at the newly refurbished Novotel 
Hotel, Hammersmith, London on 23-26 
September ’99. This huge show has out- 
grown its previous venue and the city-cen- 
tre move will provide further expansion 
with more.rooms, exhibitors and products 

to be launched. 

The Hi-Fi Show ’99 will be a pivotal event 
in the history of home entertainment. As the 
final show of the Millennium, it will be a 
celebration of familiar and traditional tech- 
nologies and a reception for the formats that 
will shape our listening and viewing plea- 
sure in the future. Over 200 of the world’s 
leading hi-fi companies will demonstrate 
and launch their latest equipment. 

Exclusively at the show, the BBC will 
provide hands-on demonstrations of the 
new Digital Radio Broadcast (DAB). This 
will take over from FM, giving improved 
quality and reception. 

Tickets for the Hi-Fi Show 799 are avail- 
able from the ticket hot-line 0181 774 
0790. Adult admission is £4 in advance, £5 
on the day. Under 14’s go free. The show 
is open 10am to 6pm. 
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NET MUSIC PROTECTION 


Barry Fox reports on the initiative for tighter copy- 
right protection for Net-sourced music and games. 


E music and electronic industries’ 
Secure Digital Music Initiative has now 
agreed the framework for copyright control 
on portable players that can download music 
from the Internet (see SDMI’s website 
www.sdmi.org). Leonardo Chiariglione, the 
SDMI’s Executive Director, is not bothered 
that some companies, including Thomson 
and subsidiary RCA, have jumped the gun 
by launching proprietary systems. 

“They are all downstairs helping to write 
the standard”’ he said during a 3-day meet- 
ing of 200 representatives from 150 mem- 
ber companies in London. “Sometimes 
different people inside the same company 
have different strategies. Niche products 
will not succeed because consumers need 
the assurance that they are not tied to a 
proprietary source of music. People must 
be able to get what they want from any- 
where that has it”’. 

The SDMI was formed last December 
when the music industry failed to block the 
sale of Diamond Multimedia’s Rio solid 
state portable. Chiariglione, who heads the 


LOW ENERGY FOOD 


NO, we are not about to advocate yet 
another slimming diet, but to compliment 
Sainsbury’s for the energy saving con- 
cepts being embodied into their new store 
at the Millennium site in London. 

The refrigeration system, for example, 
will be partly cooled by the lower lying 
ground water that remains at a constant 
10°C throughout the year. The heat output 
by this system will be used to heat the store. 
Earth banks around the building will help 
insulate against temperature changes, while 
the reinforced concrete walls act as a giant 
storage heater, absorbing heat in the day and 
releasing it at night. Wind turbines and solar 
cells generate power which is stored in bat- 
teries and used to light the building at night. 
There will also be free recharge points for 
customers’ electrically powered cars. It all 
seems very forward looking. | 

The store will open in September. 


CIRKIT JOINS 
DELTRON 


IF you use coils in your electronics 
designs, the chances are that Cirkit 
Distribution will be one of the companies 
who come to mind when you are thinking 
about which supplier to use. You will 
probably use Cirkit for other electronic 
components as well. It will, therefore, be 
of interest to you to know that Circuit 
Distribution has been acquired by Deltron 
Electronics. 

Cirkit has been trading since 1984 and 
has been part of the Bulgin Group since its 
creation. Deltron is a growing public com- 
pany primarily focussed on distribution 
activities in the UK and abroad. The busi- 
ness of Cirkit will operate as part of the 
Roxburgh Electronics subsidiary of 
Deltron. 


TV Technologies division at Telecom Italia, 
has for the past 11 years chaired the com- 
mittees which set the MPEG digital video 
compression standards. 

SDMI builds on technology used in the 
MPEG-2 standard for digital video disc 
and TV, and MPEG-4 for video on the 
Internet. The bitstream carries keys 
which can be used, with extra keys in the 
player, to unlock encrypted content. 
When an SDMI-compliant PC down- 
loads music from the Internet, or copies 
it from a CD, it will encrypt the music so 
that it can only be used in one portable 
player which is electronically locked to 
the PC. 

By 31 March 2000 the SDMI will extend 
this protection framework to cover the 
entire delivery chain, whether the Internet 
or broadcast airwaves. 

Says Chiariglione “SDMI will then protect 
movies, games and TV. It’s a fundamental 
step which lets the seller and buyer agree on 
a contract. This opens the way for an infinite 
number of new business models”. 


RAE COURSE 


THE Hilderstone Radio Amateurs’ 
Examination Course commences on 23 Sept 
’99 in the Sandwich area of East Kent (exact 
location not yet advised). Tutor Ken Smith 
G3JIX advises that this is the usual course 
for the Amateur Radio Licence Exam, but 
also much of the content covers a very good 
grounding for general electronics interests 
(including some of the history as well). 

This course has been run at intervals for 
many years, with eminent success. Ken says 
that we have exciting times ahead for 
Amateur Radio and that “wireless” methods 
are growing amazingly throughout the pro- 
fessional and commercial — world. 
Furthermore, Amateur Radio continues to be 
central to a stimulating, fun-based and enter- 
taining introduction to modern technology. 

“Tt is” , says Ken, “one of those pastimes 
that increases your circle of friendships 
greatly — and on a world-wide basis. All 
interested people, whatever their age etc., 
are most welcome to explore with us this 
remarkable technology with a very human 
face; and the Exam does not have to be 
sat, of course!” 

For more information contact Ken Smith 
via G3JIX, or tel: 01304 813175, or via 
ken.smith@saqnet.co.uk. 


FASTER PHONE LINES 


BETWEEN now and next spring, BT 
will be installing equipment that will 
transform ordinary phone lines into dig- 
ital channels which operate up to ten 
times faster. Initially, 400 exchanges 
around the UK, covering nearly six mil- 
lion households and businesses, will be 
upgraded. 


The ADSL (Asymmetric Digital 


Subscriber Line) technology can boost 
existing local copper networks by using 
sophisticated electronics at the exchange 
and in customers’ premises, without dig- 
ging up streets and pavements. 

ADSL works by transmitting and 
receiving digital signals across the cop- 


per pair of wires connecting each cus- 
tomer to the exchange. It operates on a 
frequency band higher than that used by 
the voice line operating in the same cop- 
per pair, so that the two services do not 
interfere with each other. 

At the customer’s end the equipment 
consists of two principal items. A filter, or 
“splitter’’, provides separate physical 
sockets for the digital service and the 
voice service. A normal telephone plugs 
into the phone socket on the splitter. An 
ADSL modem plugs into the digital port 
on the splitter and is then plugged into 
appropriate digital consumer equipment, 
e.g. a PC or digital TV. 





tion of distant stations. 


but not in the day. 


after a few seconds. 


a tape deck to record reception. 
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LISTEN TO THE ECLIPSE 


By Barry 

The Rutherford Appleton Laboratory at Chilton in Oxfordshire has a plan to let peo- 
ple research the solar eclipse on August 11, without travelling to Cornwall, France, 
Germany or Romania. All they need is a simple Medium Wave radio to log the recep- 


Radio waves usually travel in straight lines, and cannot reach past the horizon. 
They also reflect off the upper (E and F) layers of the ionosphere, some 300km up, 
to “skip” long distances. But during the day, the lower (D) level of the ionosphere, at 
around 100km, absorbs radio waves. So distant radio stations can be heard at night 


RAL wants to use this effect to track what happens to the ionosphere when the 
eclipse effectively turns off the sun’s ionising radiation and the lower level decays 


The last time the UK saw a total eclipse was in 1927, when radios were a luxury 
and ionospheric science was a novelty. Now virtually everyone has an MW radio and 


RAL has checked all suitable frequencies and found two MW stations, Radio La 
Coruna in Spain on 639kHz and Radio Marseilles on 675kHz, which are ideal for 
the test. Both can normally be heard only at night in the UK. If they can be heard 
on the morning of the eclipse it signifies a dramatic change in the lower level of the 
ionosphere which is letting waves through for reflection instead of absorbing them. 

Anyone interested should tune to the station on a night before the eclipse, leave the 
radio set to that frequency and tell RAL their post code and what they heard or did 
not hear during the eclipse. RAL will then log the effect over the whole country. 
Further details are available from RALs web site at ww.”7?2.rl.ac.uk. 





Fox 
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Constructional Project 





VARIABLE DUAL « 
POWER SUPPLY | 


TONY SERCOMBE 


Fully variable from +3V to + 


T5YV, 


this 500MA workshop tool 1s short- 
circuit proof, and highly useful! 


S 


OME time ago the author urgently 
needed a split level power supply and 
for quickness copied a previously 
published circuit. It worked well, with one 
exception, that it had no protection against 
accidental short circuits. 

In the author’s case, these could happen 
with the negative output, mainly due to the 
fact that on most of his printed circuit 
boards the negative and earth lines were in 
close proximity. The slightest contact 
between the two would cause instant 
destruction of the negative feed transistor. 
So, on the last occasion this occurred, it 
was decided to revisit the circuit, and the 
design described here is the result of that 
investigation. 


CIRCUIT DESCRIPTION 


As can be seen from the circuit diagram 
in Fig.1, a centre-tapped transformer (T1) 
is used so that both positive and negative 
voltages may be obtained from the bridge 
rectifier (REC1). Capacitors Cl and C2 
smooth the rectified voltage. Resistors R1 
and R2 provide a discharge path when the 
power supply is switched off. 

Two LM301 op.amps are used as the 
controlling elements, the negative con- 
troller (IC2) being slaved from the positive 
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controller (IC1), the latter acting as the 
master in conjunction with potentiometer 
VR1, which sets the output voltages. 

A reference supply voltage for the 
op.amps is obtained from Zener diodes D1 
and D2, which set it at +18V. Variable d.c. 
feedback is applied to pin 2 of [C1 via 
VR1. Thus, as the feedback is increased the 
output drops, and when decreased it rises. 
IC2 is controlled by the output of [C1 and 
thus adjusts the negative line accordingly. 

The outputs of each of the op.amps feed 
the bases of Darlington transistors TR1 and 
TR3, via resistors R12 and R9 respectively. 
The outputs from the transistors are then 
fed via low value (192) resistors to the 
power output sockets. Capacitors C7 to 
C10 help to smooth any high-frequency 
spikes or noise at the output sockets. 
Resistors R15 and R16 provide a discharge 
path when the unit is switched off. 


CURRENT LIMITING 


The purpose of transistors TR2 and TR4 
is to limit the current that can be drawn 
should an excessive load be presented to 
the unit’s outputs. As more current is 
drawn, an increasing voltage drop occurs 
across resistors R13 and R14, so driving 
the base of TR2 more positive than its emit- 
ter, and the base of TR4 more negative. 

These transistors now start to turn on, so 
shunting the bases of TR1 and TR3, having 
the effect of turning them off in extreme 
cases. The current drawn by TR2 and TR4 
is restricted to a safe maximum limit by 
resistors R12 and R10 in series with the 
outputs of the op.amps. The resistors also 
serve to prevent the op.amp outputs being 
sunk almost to ground in the event of a 
complete short circuit. 

The power supply will stand a total short 
circuit at its outputs, with no damage being 
caused to them, or to the transformer or 
rectifier. 

It should be noted that resistors R10 and 
R11 across the output and feedback connec- 
tions of the op.amps should be matched to at 
least one per cent to maintain sensible tracking 
between the two outputs. It may well be worth 
measuring several samples with a multimeter 
to get identically matching values. 





A wirewound potentiometer is recom- 
mended for VRI since the resolution is 
likely to be better in this application. 


CONSTRUCTION 


Since this unit is mains powered, great 
care should be exercised in its construc- 
tion. If in any doubt about constructing 
it, consult a qualified electrician. Mains 
voltages can be lethal if abused. 

Details of the printed circuit board com- 
ponent positions and track layout are 
shown in Fig.2. This board is available 
from the EPE PCB Service, code 242. 

It is a wise precaution to use sockets for 
the op.amps as they would otherwise be 
very difficult to remove’ without 
damaging the p.c.b., should this become 
necessary. 

Although not used in the prototype, a 0V 
to 20V moving coil meter could be wired 
across the outputs, with a changeover 
switch to select which output is monitored. 
However, these are quite expensive and the 
prototype used a calibrated scale drawn 
around the knob for potentiometer VR1. If 
done with care, this method can have a very 
neat appearance, and is probably accurate 
enough for most purposes. Otherwise, the 
output may be monitored with a 
multimeter. 

A metal case should be used to house the 
power supply, and this should be connected 
to the mains supply earth via the power 
cable. The mains fuse can be of the car- 
tridge type mounted on the back panel. A 
cable clamp must be used for the mains 
input cable. 

For the prototype, 4mm single sockets 
were used as the d.c. power output connec- 
tors. Other types of socket may be used to 
suit individual requirements. 


TESTING 


Once the p.c.b. has been assembled, fully 
check for any mistakes, and for the good 
quality of the soldering. On the prototype, 
the mains transformer was pop-riveted 
close to the edge of the long side of the 
case, and the p.c.b. was secured to the base 
with self-adhesive’ p.c.b. supports. 
However, it is best not to fully fix the p.c.b. 
until testing 1s complete. 

A piece of insulating plastic sheet should 
be cut to just under the size of the p.c.b. and 
placed between it and the case floor. These 
sheets are readily obtainable from model 
shops. 
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100k (2 off) see 
R3, R4, R7 10k (3 off) SilOP 
R5,R6 =: 130 (2 
RB 2 TALK 


R9, R12 1k (2 off) page 
R10,R11 33k 1% (see text) (2 off) 
R13, R14 12 0-6W (2 off) 
R15,R16 4k7 (2 off) 

All 0.25W 5% carbon film unless stated. 




















Potentiometer 
VR1 10k wirewound 










Capacitors 








C1, C2 4700u radial elect. 35V 
(2 off) 

C3, C4 470u radial elect. 25V 
(2 off) 






C5, C6 47p ceramic (2 off) 

C7, C9 10u radial elect. 25V 
(2 off) 

C8, C10 100n ceramic (2 off) 














Semiconductors 











WwW 
< TRI TIP142 npn Darlington 
a transistor 
> TR2 BC338 npn transistor 
TR3 TIP147 pnp Darlington 
transistor 
TR4 BC328 pnp transistor 






IC1, IC2 LM301 op.amp (2 off) 










Miscellaneous 








FS1 250mA fuse, anti-surge, 
20mm 

LP1 mains rated neon lamp, 
panel mounting 

REC1 bridge rectifier, 50V 1A 
(in-line pins) 

$1 S.p.s.t. mains rated toggle 
switch 






SK1 to SK3 4mm single socket 

(see text) (3 off) 

T1 mains transformer, 
15V-0-15V sec, 500mA 
Printed circuit board, available from the 
EPE PCB Service, code 242; metal case, 
size to suit; cable clamp; 20mm panel 
mounting fuseholder; knob; printed circuit 
board supports, self-adhesive (4 off); 
plastic insulating sheet (see text); con- 
necting wire; solder, etc. 


Approx. Cost e3 1 
Guidance Only 


excluding case 















Fig.1. Complete circuit diagram for the 
Variable Dual Power Supply. 


When all the connections to the board 
from the control panel have been complet- 
ed and checked, and the mains cable fitted, 
the unit is ready for testing. Connect a volt- 
meter, set to a range of about 20V d.c., 
across the positive output and OV, and 
switch on the power supply. 
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Fig.2. Component layout and full size copper foil master track pattern, plus off-board connection details. 


The minimum setting (fully counter- 
clockwise) of potentiometer VR1 should 
result in reading of about 3V (2.8V in the 
prototype). If about 15V is indicated, 
reverse the outer connecting leads at each 
end of the potentiometer track. 

Now check the negative voltage output. 
This should (inversely) match the positive 
output within a few millivolts. Component 
tolerances will inevitably have some effect 
here, but the outputs should track together 
sensibly. Should this not happen, the actual 
values of resistors R10 and R11 should be 
re-examined. 
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If all is well, and assuming that a built-in 
panel meter is not being used, the Voltage 
scale for VR1 may now be marked. Use as 
large a knob as possible with a pointer 
printed on, so that an easily readable scale 
may be drawn. Set the control at minimum 
rotation and, using a water-based pen, mark 
a reference dot. 

Using your multimeter across the posi- 
tive output, notate this voltage at the mini- 
mum scale setting. Do similarly at 1V 
intervals around the arc of movement of the 
control. The maximum end will get a bit 
cramped and for this reason perhaps only 


the “‘standard”’ voltages need to be annotat- 
ed with figures, at 5V, 6V, 9V, 12V and 1S5V 
positions. 

A spirit-based pen can now be used to 
draw small freehand lines to indicate all 
points at 1 V intervals. Next remove the knob 
and the potentiometer, and gently rub the 
water-based dots away with a moist cloth. 

Now apply rub-down figures, burnish 
and lacquer. The control potentiometer can 
then be refitted, setting the knob to the start 
mark, with the control fully counter-clock- 
wise. The power supply is now ready for 


use. [] 
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OU AGAIN 

Dear EPE, 

Can I add to your answer to Matthew Stuart re 
TV programs about electronics. The BBC2 pro- 
grammes (not programs by the way!) post-mid- 
night are called The Learning Zone and although 
much is, not all the content is produced by the 
OU (Open University), for example Science in 
Action. 

Many years ago I asked an OU presenter why 
they didn’t give more publicity to their output as 
this might encourage more people to think about 
taking an OU course. His reply was that the pro- 
grammes weren’t designed for the casual viewer 
and the OU wasn’t in the entertainment business! 
I would hope this attitude has changed but don’t 
bother to contact OU because there’s a far easier 
way. 

If Matthew gets in touch with BBC Education 
Information he can register, as I did a couple of 
years ago, to receive a free quarterly guide listing 


READOUT 


John Becker addresses some 
of the general points readers 
have raised. Have you anything 
interesting to say? 

Drop us a line! 


WE PRT oT aes 
MSA) Ax? eWent het 


RT a ee 











every programme under separate categories e.g. 
Computing, Maths and Number, Music, History 
etc. along with VIDEOPlus+ numbers. Contact 
info: Tel: 08700 100222. CEEFAX: Pages 630- 
636. Web: www.bbc.co.uk/education/Izone. 
Hope this helps Matthew find what he wants. 
By the way, there is an OU maths programme 
called Modelling Turkeys which, if it is ever re- 
shown, is a wonderful demo using a logarithmic 
scale to produce a linear graph of turkey weight 
vs. cooking time. This is followed by more seri- 
ous applications of the principles which I have 


~ made use of from time to time as an electronics 


hobbyist. 


Barry Taylor, via the Net 


Thank you Barry, yes the Learning Zone is TV 
well-worth watching and caters for many inter- 
ests. You do need (usually) to get up a bit early 
or stay up late to watch them (I still don’t trust 
preset video recording timers!). 
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WIN A DIGITAL 
MULTIMETER 


The DMT-1010 is a 31/o digit pocket- 
sized I|.c.d. multimeter which measures 
a.c. and d.c. voltage, d.c. current and 
resistance. It can also test diodes and 
bipolar transistors. 


Every month we will give a DMT-1010 
Digital Multimeter to the author of the 
best Readout letter. 











RACEY WIRELESS MONITOR 

Dear EPE, 

Hello from New Zealand. I’m involved in dirt 
track Stock Car racing, and we have been having 
problems lap scoring 25+ cars round the track. 
Then seeing your Feb ’99 issue on the Wireless 
Monitoring System I have a few questions: 

1. Can the transmitters send up to 300 differ- 
ent identity codes continuously and for how 
long? i.e. one per car that comes each race night, 
and up to five hours before recharging. 

2. Can a receiver pick up 25+ different I.D. 
codes in order, which will pass by at 
100km/hour, to allow the PC to display the cars’ 
order over the finish line, 1st/2nd/3rd/etc? 

3. How many receivers can a PC monitor? i.e. 
can we place 10+ around so we can plot the cars’ 
progress around the track? 

Frank Korver, New Zealand, via the Net 


We passed Frank’s E-mail on to the designer, 
James Humphris, for his comments. He replies: 


1. The transmitters presently are limited to 255 
different identifying codes i.e. encoded by an 8-bit 
binary word. However, with an alteration to the 
source and destination software, this could be 
increased to 16 bits fairly easily (i.e. 65535 codes). 

2. This is the tricky one! Firstly each receiver 
can only pick up a transmission from a single 
transmitter at once. This is because all transmitters 
operate on the same frequency and as such any 
simultaneous transmissions are ignored (fully 
explained in the article). This being the case, let’s 
assume that under the conditions of operation, a 
useful range of 10m can be achieved. Let’s also 
assume that the cars pass the transmitter half-way 
so we have an effective range of 20m. Let’s also 
assume that the transmission begins as soon as the 
car enters this useful range. 

Each transmission from each transmitter takes 
330ms, so each car needs to be in the effective 
range for at least this time. 100km/h equates to 
100,000m/3600s = 27-7m/s, or approximately 
28m/s. So,’in 330ms, the car would travel 28 x 
0-33 = 9-24m. Considering these constraints, the- 
oretically it would be possible to register cars 
passing the finishing line as long as they were sep- 
arated by at least 10m, otherwise all information 
would be lost. The other point is, you would have 
to ensure that all transmissions began at a specific 
point, I don’t know how you would achieve this. 

The transmitter-to-receiver link has only ever 
been tested in a fairly static environment, i.e. 
walking pace only, so the effect of 100km/h 
motion has not been investigated. Possibly a bet- 
ter idea would be to put receivers in the cars, and 
a single transmitter continuously transmitting. 
However, the accuracy of this idea would have to 
be investigated. 

The other point is that most modern motor 
cars are fully EMI compliant, and I don’t know 
if stock cars would be as such. What I mean is 
that the RFI from the ignition system may well 
interfere with the r.f. between transmitter and 
receiver. Have you considered an optical system 
instead? This could be far more accurate. 

3. The receiver can monitor an infinite number 
of different transmitters as long as all transmis- 
sions are independent in time (explained in the 
article). 

James Humphris, via the Net 
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PIC TOOLKIT V2.2 


Last month in Readout, J answered a letter 
from Dave Buck whose PIC programming prob- 
lem had been caused by his “illegally” using the 
TAB key when writing .ASM code for use with 
PIC Toolkit Mk2. We had thought it was general 
knowledge that when writing in TASM grammar, 
text formatting control keys were not allowed to 
be used. It is a point very strongly emphasised in 
our PIC Tutorial (Mar-May ’98), and on the 
PICtutor CD-ROM. Erroneously, I had believed 
DOS EDIT (which is my preferred/suggested text 
editor) to be free of text formatting control com- 
mands, and overlooked the potential threat of the 
TAB key being used. 

As it happens, Dave was not the only one who 
used the TAB key instead of spaces, a few other 
readers reported assembly problems which turned 
out to be caused by inclusion of the TAB control 
character (ASCII 9). From Toolkit’s point of view, 
it was looking for space characters (ASCII 32) 
from which to make decisions about which 
columns the program code statements should 
belong — Labels in column 1, action commands 
column 2, source/destination column 3, etc. 
Whereas on-screen TABbed commands look like 
spaces, Toolkit was seeing ASCII 9 instead of 32, 
and so overlooking the desired column splits. The 
result was chaos! Virtually every single command 
line could thus cause an error situation because 
things were not where they should be! 

However, whilst I could have been hard-heart- 
ed and simply left it that text format commands 
are not allowed with Toolkit, and that this 
restriction included ASCII 9 from DOS EDIT, I 
succumbed to yet another challenge — to allow 
Toolkit Mk2 to accept TABs. This it now does 
and the revised software version, PIC Toolkit 
Mk2 V2.2, has become the version on our 
Internet FTP site and on the Toolkit disk avail- 
able from the Editorial office (as detailed on the 
EPE PCB Service page). 

The files have the same names as the original 
V2.0 versions, and should be copied to your 
directories to replace the existing files of the 
same name. Readers loading the Toolkit soft- 
ware for the first time need not concern them- 
selves with this matter, the original V2.0 files 
have been replaced by V2.2 on the disk and FTP 
site. 

Interestingly, Dave’s original .ASM file that 
he had sent, also showed up a few other matters 
which I had not anticipated. He was inserting a 
space immediately following the comma in bit- 
related command statements. Toolkit looks for 
commas in this situation and treats them as 
another column separator, but because it also 
uses the spaces as column delineators, the 
intended bit source/destination that followed the 
comma was being overlooked. Version V2.2 now 
allows a single space (but no more than one 
space otherwise you'll have an assembly prob- 
lem) following the comma in bit-related com- 
mands. However, you do not need to use a space, 
the bit statement can immediately follow the 
comma. 

Additionally, another matter not expected was 
Dave’s occasional use of hexadecimal values to 
indicate bit values. Toolkit V2.0 was seeing a 
non-decimal value (in this case a statement pre- 
ceded by a $ sign) and was thus thinking that it 
should now look for an equated (.EQU) value of 
the same form as listed with the other specified 
equates — and not finding one, reporting this an 
error situation. This has been rectified in V2.2, 
and hex values may now be used to specify bit 
values. 

As a point of my own making, when extensive- 
ly using the Send Message to EEPROM routine 
in connection with another design being worked 
on, I regretted not having allowed comments to 
be added on the same line as the message data. 
The Message routine has now been amended in 
V2.2 to allow this to be done (preceded by a 
semicolon, of course). 

Dave's just E-mailed “Thanks for the revised 
program files, I’ve got them up and working and 
it’s 100%”’. 
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PERPETUAL CALENDAR 

Dear EPE, 

Re the letter from Lloyd Kirk in Readout of 
August ‘99, using my Sinclair microdrive car- 
tridge Calendar program provides evidence that 
the calendar of 1972 is the same as that for the 
year 2000. 

R.L.A. Latham, Weeping Cross, Stafford 


Many thanks Mr Latham for kindly sending 
printouts which prove the truth of Lloyd Kirk's 
suggestion. The calendars included on my sever- 
al PCs also confirm this and, moreover, that 
1972 = 2000 = 2028 = 2056 = 2084 = ...? On 
this short timescale, it seems that the calendar 
repeats every 28 years. However, on a much 
greater timescale does anyone know if this con- 
tinues ad infinitum, or do extra leap days at 
strategic intervals upset the cyclic uniformity? 

As a spin-off from this question, I have found 
that while my computers are supposed to be 
Millennium Compliant (as confirmed by a mes- 
sage box on start-up), they are not Millennium 
2.1 Compliant! That is, the calendar baulks at 
going beyond 2099, and reverts back to 1970! 

So what?, some of you might exclaim, believ- 
ing that it won't affect you or most of us around 
now. Ah, but wasn’t similar thinking in earlier 
years partly responsible for us having a 
Millennium Bug problem now? Shall our descen- 
dents inherent aY2K1 Bug from us? 


DIY PCB PRINTS 

Dear EPE, 

I have been a very keen follower of Practical 
Electronics, Everyday Electronics and Everyday 
Practical Electronics for the past 30-odd years 
or so, going back to the early 1960s and have 
built many of your projects over the years. By 
studying your projects, and in particular the cir- 
cuits of Ingenuity Unlimited, I have been 
inspired to investigate and build all sorts of novel 
and useful devices. I have derived much pleasure 
in trying many different ways of producing my 
own p.c.b.s, they have normally been successful 
although I have not always been totally satisfied 
with the result. 

In the past few years, I have obtained several 
inexpensive computers, gradually working my 
way up to a PC. In each case I have attempted to 
produce (with the aid of a drawing program) 
printed circuits resembling professional quality. 
Recently, with the use of the PC and a decent 
printer, I felt I could be getting close to reaching 
my final goal, but when I come to print out the 
results of my work on acetate film to produce a 
negative, I find that the ink seems to refuse to dry 
and is very pale, could you suggest a special ink 
for this purpose? 

Another idea I might suggest is, would it not 
be possible to print out a circuit design onto a 
backing sheet with some special etch resistant 
ink, so as to be able to iron the image directly 
onto plain copper laminated board, therefore 
doing away with the need for expensive resist- 
coated board and also the production of an 
inter-negative, similar to the production of T- 
shirt motifs. Awaiting with interest any 
comments you may make in a forthcoming 
magazine. 

N. Dyson, Glossop, Derbys SK13 8EP 


Even in the days when I was professionally 
manufacturing p.c.b.s, I used positive resist- 
coated material for prototypes, and continue to 
do so. However, I never did fully solve the prob- 
lem of achieving 100 per cent quality when using 
a dot-matrix printer (with inked ribbon) as the 
image producer. 

Since acquiring an ink-jet printer however, I 
now obtain perfect images when printing onto 
acetate drafting film (to the “coarser” side). 
These images are suitable for use directly with 
photoresist board and a UV exposure unit. 

Yes, there is an iron-on material available 
from some major component suppliers. It’s 
called Press-n-Peel, but I have never used it and 
cannot comment on its effectiveness. 


WELL WEATHERED 

Dear EPE, 

Referring to Readout of August ’99 and your 
question about other reader’s projects from past 
years, I wish to share my experience with two 
EPE projects that I have constructed. 

After reading the Weather Station of Feb-Apr 
"90, I started constructing it and finished all the 
circuits in August ’90 and installed it on my roof 
that same month. From then on, it has worked 
continuously with accurate readings and has 
seen wind strengths of Force 9, and still it goes 
well. 

The other is the Digital Car Tachometer of 
June ’91. After I had prepared the circuit and a 
metal box for it, I removed the dashboard of 
my Fiat 127 car, to place the l.e.d.s and the 8- 
digit display near the speedometer. I fitted 
everything in place and it is still working fine. 
Also, it survived a head-on collision that I had 
with another car five years ago. I rearranged 
the components and the metal box and after a 
while it was working as new on my repaired 
car. 

I am very proud of the above projects. As a 
result I always refer your magazine to other peo- 
ple as it is gives me what I want, and the know- 
how to continue in the hobby. 

Would it he possible for the author of the 
Weather project to design additional circuits 
that can be added to it so that I can connect the 
data signals to a computer for logging 
the parameters, showing the readout out on 
the monitor, while still using the original 
display? This idea has been in my mind for 
years now, but I have not mastered design 
techniques yet. 

I want this extra facility so that I can utilise 
my old 8086 or 386 computer. Also, I wish to 
have an audible signal from the anemometer, 
adjustable to sound a buzzer when Force 3 or 
Force 5 is in effect, using a switch to select the 
wind force alarm. 

Joseph Vella, Pieta, Malta 


We are no longer in contact with the author 
of the Weather Station and so cannot offer addi- 
tional interface circuits specifically designed 
for it. However, you might consider the Data 
Logger of Aug/Sept ’99 for monitoring the data. 
It can input up to eight simultaneous analogue 
signals, and store them as digital values for 
subsequent output and display on a computer 
screen. 

Taking a quick look at the original Wind 
Speed circuit (Fig.8 Feb ’90), it seems that you 
might be able to tap the rotation pulse signal at 
the output of ICI and feed it into an AND or 
NAND gate additionally controlled by the sig- 
nal line connected to one of the bargraph 
l.e.d.s. The output from the gate could then be 
fed via a suitable resistor and capacitor to the 
input of any ordinary amplifier of any size, even 
a simple amplifier module such as are sold by 
various of our advertisers. You could use a 
switch to select which bargraph output is the 
gating source. 

Great to know of the “impact” that the 
Tachometer has had with you! 


PIC ROUTINES 

Dear EPE, 

Over the past year or two I have become very 
familiar with the use of the PIC16C84 and have 
designed several projects around it. However, I 
feel a series which discusses programming tech- 
niques on an algorithmic level would be very 
useful. I am sure that most people find trawling 
through someone else’s source code extremely 
tedious. 

A series on subjects such as encoding, 
decoding, pulse width measurement, serial data 
transfer etc., would be beneficial and a logical 
follow-up to your PIC Tutorial series. 

Richard Cox, via the Net 


A very useful suggestion Richard, which we 
are investigating. 
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SL30 APPA201 $G4160B H6000 
Bench multimeter £439-83 £99.00 Rf signal gen £15+-58 £99.00 10MHz function gen £198-58 £149.00 





3:5 digit back lit display 


& 

@ Digital readout of set & actual temp @ Auto & manual ranging @ 0:1-150MHz (450MHz 3rd H) @ 0:1Hz-10MHz range 

@ Powerful 24V 48W iron @ Battery & mains operation @ 100mV output (no load) @ Sine, square & triangle 

@ Adjustable between 160°C to 480°C @ AC/DC voltage & current @ Output high/low switch @ 50ohm output 

@ Earthed tip for static sensitivity @ Resistance to 20Mohm @ Int mod 1kHz (AM) 30% @ TTL output 

@ Includes base station, iron and tip @ Diode & continuity test @ Ext mod 50Hz-20kHz @ 20mVpp to 20V pp o/p 

@ Spare tip 0-8, 1-6, 3-2mm £1.65 ea @ Carrying strap & tilt stand @ Crystal checker facility @ 0, -20, -40dB o/p control 
@ 115/230Vac 50/60-Hz @ Ext freq mod/sweep 

305LDD MX450 AG2601 DT830B 
Power supply £17508 £139.00 Multimeter £414-4+3~ £29.00 1MHz Audio gen £46158 £99.00 Multimeter £4256 £8.00 
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ps 





0-30V 5A output AC & DC volts 


@ @ AC and DC voltage @ 10Hz-1MHz in 5 ranges e 

@ Twin LCD displays @ AC and DC current to 20A @ Sine and square outputs @ DC current to 10A 

@ Coarse & fine adjustment @ Resistance to 20Mohm @ 600ohm output impedance @ Transistor test 

@ Short circuit protection @ Capacitance to 20yuF @ 0, -20, -40dB output control @ Diode test 

@ Audible & visual over current alarm @ Diode, Hfe & continuity test @ Sync input @ Basic accuracy 0:5% 
@ Ripple <10mV @ 10Mohm input @ Distortion <0-05% @ Incl. probes & battery 
@ Optional service manual £15.00 @ Includes holster & test leads @ 115/230Vac 50/60 Hz @ Soft carry case £3.50 


Full technical data sheets for all products are available as hard copies either by post or from our web site at www.vanndraper.co.uk and all equip- 
ment is supplied ready to use complete with operating manuals, accessories, mains leads and a 12-month guarantee. 
Ex-demonstration units of Grundig equipment are also available. These are unmarked, in virtually new condition and have mostly only been 
used once for exhibitions/demonstrations. All models include accessories and a 12-month guarantee. prices as follows: 


MO30 30MHz 2ch oscilloscope  £499:38 £369.00 RF1000 Rf millivoltmeter £52758 £359.00 
UZ2400 2-4GHz frequency counter £38658 £275.00 FG100 20MHz function generator £5863 £429.00 
RLCi100 LCR meter L446-335° £325.00 DM100 4-5 digit bench multimeter £545-83 £369.00 
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ALAN WINSTANLEY 








Part Two 


Supported by the expertise of the international power generation company National Power | 
plc, Alan describes some of the high technology involved in generating power — from a gas 
pipeline to the turbines and generators and then to the electricity pylon and beyond! 


CONCLUDE our in-depth look at power 

generation by examining some of the 

techniques related to the provision of a 230V 
a.c. supply to our housing and industry. 


Power to the People 
Let us return to the process of electrical 
power generation and examine it in greater 


detail. Previously it was mentioned that 


each of the three gas turbines in our adopt- 
ed power station drives an a.c. generator; a 
steam turbine drives a fourth. 

A power generator consists of an electro- 
_magnet (rotor) which is rotated directly by 
the turbine shaft. Each revolution of the tur- 
bine turns over the generator once. The 
rotor is surrounded by stator coils in which 
the moving rotor induces a voltage that will 
ultimately be delivered to the consumer. 


Power Spin 
If a simple two-pole rotor is used, this 
could be likened to a simple electromagnet 


— STATOR 


ROTOR 


ROTOR « 
SUPPLY « 


™~ STATOR 


VOLTAGE 





having a North and a South Pole. The spin- 
ning electromagnet induces a voltage in the 
stator coils each time it passes by, and the 
stator voltage will therefore reverse polarity 
with every half-revolution of the rotor. The 
voltage level generated in the stator coil 
depends on how far the rotor has travelled 
during one revolution (its rotational angle). 

How a sinewave is generated with this 
setup is depicted in Fig.9. Because it deliv- 
ers alternating voltage, this generator is 
more correctly called an alternator. (A 
dynamo produces a d.c. voltage instead.) 

To get the most out of each revolution of 
the rotor, several stator coils are deployed 
so that multiple sine wave voltages are gen- 
erated per revolution. In fact, three coils are 
spaced at 120 degrees apart (see Fig. 10) 
and the coils are designated by a colour 
code which will be familiar to every elec- 
trician: they are Red, Yellow and Blue. The 
generator windings produce 15-75kV 
between the phases. ! 


Fig.10 (right). A 
three-phase 
generator has 
three fixed stator 
windings, placed 


St, 


0 120 degrees apart 
\S we around a spinning 
270° rotor, which itself 
ANGLE OF is an electro- 
SE ROTOR magnet, having a 
North and South 
pole. 


ANGLE OF TOSIABE 


ROTATION 


Fig.9. A sinewave is produced in the stator coil by the 


spinning rotor. The voltage level depends on the rotor's 
angle of rotation, and it reverses polarity every 180 degrees. 
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The overall result can be plotted as a 
three-phase voltage, see Fig. 11. It can be 
seen that the voltage in the red phase is 120 
degrees behind the yellow phase, which 
lags 120 degrees behind the blue phase. 

By increasing the rotor’s speed, the fre- 
quency can be increased, although the three 
phases will always be 120 degrees apart. 
This simplified approach assumes that 
there is only one pair of magnetic poles on 
the spinning rotor as shown, and this is nor- 
mally the case in practice. 

If the rotor spins once per second, then 
the a.c. voltage generated in each phase 
will have a frequency of one Hertz (Hz), 


1 For reasons which will be clarified later, it is usual 
in the power industry to talk of “line voltages” as 
phase-to-phase voltages, rather than the voltage which 
is generated in a single-phase circuit with respect to a 
“common” or “earth” reference. In a three-phase gen- 
erator, the voltage which is generated in an individual 
phase is 9-1kV, which is 15-75kV/V3. This produces 
15-75kV between phases. ARW. 
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Fig.11. Three-phase electricity generated by the alternator 
of Fig.10. The three phases are 120 degrees apart. 
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changing polarity every half second. The 
frequency of the generated voltage is calcu- 
lated by: 


frequency = 
no. of pairs of poles x revs. per minute 


60 


From the above formula, a generator 
with one pair of poles as illustrated must 
rotate at 3,000r.p.m. to produce electricity 
at 50 Hertz, which is the declared system 
frequency. The statutory limits defined in 
the Electricity Supply Regulations of 1937 
are 50Hz. + 1% (ie. 49-5 -— 50-5Hz) 
although the National Grid (NGC) strives 
for a variation of no more than 0-1% as best 
practice. The turbines operate at this speed, 
24 hours a day for months on end. 

In the mid 1920’s before electrical power 
generation was standardised, several fre- 
quencies could be used — anything from 
what was probably a migraine-inducing 
25Hz and must have been murder to read 
by, all the way up to 80Hz. The Electricity 
Supply Act of 1926 resulted in a standardi- 
sation of supply frequency across Great 
Britain, at 50Hz, although in the USA and 
some other countries the supply has been 
set at 60Hz. 

In fact most generators tend to have two 
poles although certain types e.g. hydro-elec- 
tric generators may have four or more poles. 
This allows for a slower rotor speed of 1,500 
r.p.m for a four-pole machine which is more 
appropriate for the medium involved, whilst 
still generating a 5OHz sinewave. 


Frequency Control 

The actual method of controlling the 
supply frequency ultimately boils down to 
speeding up or slowing down all the gener- 
ators on the system, by increasing or 
decreasing their load. 

Great effort is made to maintain this 
value and to eliminate cumulative errors in 
the consumer’s supply, which might other- 
wise affect electric clocks, time switches, 
audio equipment etc. Any minor change in 
frequency is compensated for later on, in 
order to enable frequency-sensitive equip- 
ment to catch up (or slow down). 

All power plants interconnected by the 
National Grid can be considered as part of 
an enormous “pool”’ of electricity hooked 
together on an “infinite busbar’’, which 
runs at a set frequency. 


Leaps and Volts 


LIRA ER RRR SR SRT 


Every power station thus connected oper- 
ates at this frequency. If at this time a small 
isolated power station was not connected to 
the busbar, but was then hooked in later, the 
frequency of the existing “pool” would eas- 
ily dominate the generator of the newly-con- 
nected power plant. The net result is that all 
parts of an interconnected system operate at 
the same frequency. 

The operating frequency of the rest of 
the grid is thus physically applied to an 
individual generator, in what is effec- 
tively a contest of wills. Since a genera- 
tor’s stator is synchronised to its rotor 
(and turbine shaft), it is necessary to 
ensure that a gas turbine runs at a speed 
which enables the generator’s frequency 
to be matched to the rest of the grid. 
Hence, the challenge is to supply just 
enough fuel to the turbines so that the 
generator runs at the prevailing system 
frequency adopted by the rest of the grid. 

Any increase in the fuel supply will not 
necessarily cause the turbine to run any 
faster, because the generator is already syn- 
chronised or locked to the frequency of the 
grid: instead the turbine will simply be 
“‘loaded’’, which is undesirable. The system 
frequency can be best controlled by ensur- 
ing that the generator’s MW output con- 
stantly matches the consumer MW 
(megawatts) demand. 


Test Run 

The best analogy of this is to consider a 
car which is being driven at a fixed speed. 
If the car encounters a hill it will slow 


A circuit breaker unit connected to the gas turbine. Notice the colour coding “spots”. 
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down, making it necessary to open the 
throttle to maintain engine speed. If the hill 
levels out, the throttle can be closed again. 
If it goes downhill, the engine can be used 
as a brake to slow the car. 

The other key parameter is, of course, 
voltage. For consumers, the statutory limits 
on their 230V supply is + 6%. Unlike the 
system frequency, the voltage levels can 
vary in different parts of the transmission 
system. The voltage output of a generator is 
directly related to the rotor voltage — the 
excitation voltage, which is controlled by a 
complex automatic voltage regulation 
(AVR) system. Every aspect of the genera- 
tor and the turbine’s performance is con- 
stantly monitored by the power plant’s fully 
computerised control room. 


Down-the-Line 

The next part of the electricity genera- 
tion process relates to the way in which the 
power generated in the stator coils is trans- 
mitted to the user. Typically, the generator 
outputs 15-75kV and is rated for more than 
two hundred megawatts (MW). 

The three phases — red, yellow and blue 
— are carried outdoors from the generator 
by cables using large ducts which resem- 
ble pipelines. These pipes are pressurised 
in order to prevent corrosion or water 
ingress. The ducts are also colour coded 
to identify the phases, and this same 
theme is used all the way through to the 
end-user’s premises. 

One major problem is, how to actually 
switch such high magnitudes of voltage? 


burns as well as risking death. There may also be an explosion and fire. 
It would be impossible for anyone to rescue a person from such 


All of the high voltage areas at National Power's Killingholme “A” 
station — just like every other high voltage installation — are sur- 
rounded by a perimeter fence or wall. Such areas are padlocked and 
it is strictly forbidden to enter the area — even to pick a weed — 
without the relevant safety permit. 

Although much of the equipment is safely earthed, many high ten- 
sion wires and terminals are of necessity uninsulated. High voltages 
can flash over and strike a human being with deadly effect if they 
stray too close to high voltage power lines, transformers or other 
electrical equipment. 

For high voltage operations, the industry-standard minimum safe 
working distances are: 


66kV 
33kV 


1:0 metres 
0-8 metres 


400kV 3-1 metres 
275kV 2:4 metres 
132kV 1:4 metres 


Remember that the human body is a walking 3 kilohm resistor and is 
effectively grounded at one end. If a person unwittingly encroaches 
within the safe working distance then there is a very serious risk of arc- 
ing and flashing over. That person may suffer devastating electrical 
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a dire predicament because of the same risks they would face from 
arcing by the same high voltages, so any attempt to mount a rescue 
near to high voltages would be highly dangerous. 

If you should see a person next to high voltage power lines or 


equipment whom you suspect may have suffered electrocution or 


burns, there is nothing you can do except stay a safe distance away 
and call for help. All rescue attempts must be left to the experts who 
will insist on making the area safe before entering it. (The separate 
box-out “Heartfelt Shock” is a timely reminder of emergency first aid 
procedure which can be undertaken for persons who may have 
received a shock from the domestic 230V supply.) 

Every year many people lose their lives by electrocution purely 
through carelessness and ignorance. Children must never be per- 
mitted to play anywhere near an electricity substation, and must 
never attempt to retrieve, say, a lost ball from within a fenced-off 
substation compound. 

Playing near overhead power lines (including electric train over- 
head wires) should also be strongly discouraged, so the flying of 
kites and model aircraft in these areas is exceedingly dangerous. 
The dangers of death caused by flashing over are very real and 
are ignored literally at one’s peril. 
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Since these extremely high potential volt- 
ages can arc across considerable distances 
(see the box out entitled “Leaps and 
Volts”), one can image the nightmarish 
problems which exist in the power plant 
when trying to switch thousands of volts. 

The switchgear concerned must be able 
to withstand not only their full loads but 
six-fold overloads which occur when 
motors are starting. They must also be 
capable of carrying or interrupting fault 
currents and must also cope with 17,500 
volts peak across the contact terminals. 
Evidently, we are not talking 6mm ('/,in.) 
toggle switches here! 

The solution lies in the use of special 
gas-filled circuit breakers. These are 
spring-loaded and motor driven and are 
designed to quench the high tension arc 
which develops between opening contacts. 
The compound sulphur hexafluoride (SF¢) 
is used and this is six times less conductive 
than air. Earlier types used oil-filled con- 
tacts or compressed air to snuff out the arc. 


The 15-75kV (phase-to-phase) generator 


voltages are stepped up to 400kV by an exter- 
nal transformer — one per generator — for 
onwards transmission to the National Grid. 


Stay Cool 


Many readers will be aware that large 
transformers are oil-cooled in order to aid 
heat dissipation. With the largest types, the 
oil will be circulated by pumps and heat 
will be exchanged with a water-filled 
coolant circuit. 

In the event of a transformer internal 
failure (e.g. winding shorts, or contacts 
starting to burn out), hydrogen is one of the 








Pylon on the Power 


The electricity pylon — more correctly called 
a suspension or transmission tower — carries 
overhead three-phase electricity between 
substations in all weathers. Jerminal towers 
are located at each end of the route, whilst 
deviation towers enable the wire route to be 
realigned. 

These “lattice” towers are significantly more 
economical to construct and repair than 
attempting to bury high voltage insulated 
cables underground, and the ambient air also 
acts as a natural cooling system to help with 
heat dissipation on the wires. Larger towers 
provide a greater span, needing fewer towers 
to suspend cables over a distance, but varia- 
tions in design are used depending on local 
conditions (e.g. aircraft or natural landscape 
considerations). 

The largest Super Grid towers support 
wires operating at 400,000V. Fibre optical 
cables are wrapped around many cables to 
carry Internet traffic: the light signals are unaf- 
fected by the high voltages. The smaller tow- 
ers seen in the countryside or near towns and 
villages are usually owned by the Regional 
Electricity Companies (RECs) rather than the 
National Grid. 

Power cables are uninsulated and usual- 
ly made of aluminium alloy, which is lighter 
than comparable conductors so that slim- 
mer, smaller towers can be used. The tow- 
ers are inherently earthed, and an individual 
earth conductor wire can often be seen 
connecting the tops of towers together. 

To ensure that the high voltage cable 
and the earthed tower are separated from 
each other, chains of porcelain or tough- 
ened glass insulators are used. A 132kV 
wire might use just nine insulators, whilst a 
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first gases to be produced, so by testing for 
this gas any trends can be spotted early. A 
device known as a Bucholz relay is used as 
an automatic switch that responds to 
increasing levels of gas build-up in the oil. 

More accurate tests of oil samples are 
also undertaken by National Power and 
other gases such as acetylene can be mea- 
sured over, say, a month and a good esti- 
mate made of the nature of an internal fault. 
Ultimately the oil can be drained and then 
the fault can be repaired. 

Also worthy of mention is a small digital 
counter near to the transformer’s perimeter 
steel fence. It displayed ‘20’: when this 
was queried, the author was cheerfully told 
that this meant the transformer had been hit 
by lightning twenty times . . . Er, quite. 


Quite a Buzz 

A compound area called the “banking 
compound” adjacent to the main power 
transformers contains an array of insulators 
and busbar isolating switches. Usually, 
when Killingholme “A”’ is in full swing, the 
crackle of high tension voltages fills the air 
around this bus-bar area. The same com- 
pound contains current transformers which 
monitors the station’s output. 

From there, the 400kV supply is fed 
underground to a nearby sub-station, before 
finding its way on to a transmission tower, 
the very first in a series of many hundreds 
which will be used to distribute the power 
around the countryside. 


Super Grid! 
The enormous 400kV supply — known 
as the Super Grid (275kV in certain 


400kV Super Grid power line may demand 
twin chains of 24 insulators. Atmospheric 
pollution is another factor which deter- 
mines how many insulators are needed, 
because fall-out from industry and salts in 
the atmosphere can degrade the insulating 
effect. 

Each insulator is actually a capacitor hav- 
ing metal end caps separated by the dielec- 
tric material of the insulator. This produces 


SUSPENSION 


400kV 
DISTRIBUTED 
ACROSS 
INSULATOR 
"CAPACITORS" 


BETWEEN 
= 'INSULATORS 
AND PYLON 
STRUCTURE 


Porcelain or toughened glass insula- 
tors are used in chains to prevent con- 
tact with the earthed transmission 
tower. The voltage on the power line is 
distributed across all insulators as 
shown; which have metal caps and 
therefore form capacitors. 
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Four 400kV transformers connected to 
the outputs of the four generators. 
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A gas-filled circuit breaker, rated at 
17-5kV 10,000A, connected to the gas 
turbine generator. 





A Bucholz, safety switch, relay is fitted 
on oil-cooled transformers and detects 
any build-up of gases in the oil. 





a series of air-spaced capacitors between 
the metal caps and the tower, resulting in an 
uneven distribution of voltages across the 
insulators. Hence the power line voltage will 
be unevenly dropped across the capaci- 
tances, but the one nearest the power cable 
could operate near its maximum voltage 
breakdown limit. 

The addition of a guard ring helps 
relieve the stress on the_ insulator 
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Typical pylon insulator set-up carrying 
400kV supplies. Note the guard ring 
nearest the cable. 








dielectrics nearest the power cable by 
shunting their capacitance, and it also 
ensures that any possible flashover is 
diverted away from the insulator surfaces 
to prevent damage, see _ diagram. 
Insulators have a undulating cross section 
to increase their surface area, useful in 
wet weather. 
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Fig.12. Transmission and distribution of 
the electricity supply from the Power HEAVY 


Station Generator to the 33kV and 11kV 
needed by industry and finally to the 
415V/230V used in domestic residences. 


400kV - 132kV 
SUB-STATION 


National Grid engineers installing glass 
insulators on an overhead cable. 


regions) will be found hanging off the 
largest of pylons (as a general rule, the 
larger the pylon, and the bigger the insula- 
tors, then the higher the voltage being car- 
ried). The same pylons also carry Super 
Grid voltages generated by neighbouring 
power stations. 

If ever one wondered why there are three 
arms to each side of a pylon, the answer is 
suddenly blindingly obvious: there is one 
wire per phase, with each tower usually 
carrying two circuits. Sometimes, wires 
may be paralleled, which will be witnessed 
by two wires running next to each other to 
share the load. (See the separate box out, 
“Pylon on the Power’’.) 

These extremely high voltages are trans- 
mitted over considerable distances to region- 
al sub-stations, where they are progressively 
stepped down by transformers (auto trans- 
formers are usually used on the Super Grid). 
Outline structure of the electricity distribu- 
tion system is shown in Fig.12. 

The Super Grid is first reduced to a 
132kV grid system and then to 33kV for 
use by industrial estates and heavy indus- 
tries. Light industries may require an 
11kV supply which is provided by a sub- 
station. The final reduction occurs in 


INDUSTRY 


|) 


33kV 


132kV - 33kV — 33kV - 11kV 
TRANSFORVR ___—_——————-_ TRANSFORMER 





INDUSTRY 


400kV "SUPERGRID" 


ISOLATED 
FARM 


sid ame 11kV - 415V 
4P() TRANSFORMER 





Oo | 


residential areas, where the IIkV is 
stepped down to three-phase 415V from 
which single phase 230V a.c. is produced, 
as we Shall see later. 

(Officially, UK domestic supplies have 
been “harmonised”’ at 230V a.c. for reasons 
best understood by the European Union. In 
reality, UK supplies are 240V a.c. just as 
they always have been, evidenced by taking 
a quick measurement of 243V!). 

In many cases, the customer (say, a 
farm in a remote locality) will have his 
own 11kV-to-415V_ step-down trans- 
former and these are a common site in the 
English countryside, perched on top of a 
wooden pole. It is the job of the Regional 
Electricity Boards to distribute power to 
commercial and residential properties, 
and sub-stations with suitable step-down 
transformers will be used as appropriate. 
From Fig.12 it can be seen how the Super 
Grid voltage is systematically stepped- 
down as the end users’ locality is 
approached. 


More on Three-Phase 

The red, yellow and blue colour code of 
the 3-phase system applies from the gener- 
ator outputs of Killingholme “A” all the 
way through to the 415V transformer found 





_ by residential properties. One could be for- 


given for thinking that the use of three very 
large stator coils to generate three-phase 
power would demand six wires to conduct 
the current, as shown in Fig. 13a, noting the 
direction of each winding (or the start/end 
of the coil) is denoted with a spot symbol. 
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A typical 3-phase transformer, moun- 
ted on a wooden pole. It has an 11kV 
primary and a 415V secondary, from 
which 230V a.c. is produced. 


After all, a single-phase load requires two 
supply wires to power it: normally known 
as Live (or “hot) and Neutral, though the 
live is more correctly called the Line 
voltage. 

However, a three-phase system is able 
to transmit three times the power of a sin- 
gle phase design without the need for six 
wires, simply by arranging the windings 
as shown in Fig. 13b. The start of one 
winding is connected to the end of anoth- 
er, and the three connections are brought 
out as shown. Because of its shape, this 
“triangular” configuration is known as a 
delta (or mesh) connection. Three wires 
can be used to transmit a three-phase 
supply in this way. 

The alternative arrangement of windings 
shown in Fig. 14a is called a star connec- 
tion (or Y connection), and the central con- 
nection is called the “star point” (or the 
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neutral point). This is used universally by 
National Power on the output of all of its 
generators. 

By commoning the “starts’’ of each 
phase together as shown, a four wire-sys- 
tem (three “line” voltages or phases, and a 
neutral conductor) can be created. The net 
current flowing into or out of the star point 
is zero because each phase uses the other 
two for its return path. The net voltage is 
also zero at the star point. 

The principles of delta and star circuits 
are relevant throughout the power transmis- 
sion network, all the way down to the 230V 
a.c. supply delivered to a home. In the case 
of a three-phase 415V supply, see Fig.14b, 
a step-down transformer is used (not 
shown) which has a 11kV delta primary 
and a star-wired 415V secondary. 

Therefore, 415V is supplied between 
any two lines as shown. A voltage of 
415V/V3 = 240V will be developed across 
a “load” placed between the star point 
and a single phase. This is precisely how 
a domestic 230V is derived — connected 
to the star/neutral point and any of the 
(nominally) 415V phases. (Note that our 
“230V” supply is in reality 240V — see 
previous page.) 


On Neutral Ground 

Having outlined the overall process of 
power generation, let’s explore in more 
depth further aspects of power distribution 
which will be familiar to us all: the need for 
a neutral wire, and also the requirement for 
earthing. 

In order to provide a 230V domestic sup- 
ply from a 415V three-phase supply, the 
“live” 230V wire is taken from one of the 
transformer’s 415V phases and the neutral 
is taken from the star point. The star or neu- 
tral point is also physically connected to the 
earth at the transformer, as depicted by the 
earth symbol in Fig. 14b, for reasons which 
will become apparent later. 

In a typical residential installation, the 
three 230V supplies which are provided by a 
415V three-phase transformer are evenly dis- 
tributed to balance the load on the trans- 
former. This is achieved by, say, connecting 
every third house to the same phase. A whole 
street of small 2 to 3 bedroom houses may 
have one phase whilst a small development 
of much larger houses — which will demand 
more power — might use a different phase to 
try to balance the loading, and so on. 

A significant side effect of this arrange- 
ment is that neighbouring premises, whilst 
each enjoying a 230V supply, may endure a 
potential of 415V between their respective 
live supplies: it can be seen in Fig. 14b how 
415V exists between any two phases or 
lines. For this reason, the 230V “‘live”’ of 
one residence should never be used in 
neighbouring installations because they 
might not share the same phase. 

Each house drawn in Fig. 15 is connect- 
ed to one of the 3-phase “lines”’, and the 
diagram shows how all three houses have 
their neutral wires commoned together to 
the star/neutral point of the 415V supply 
transformer. That same star point is also 
connected to the earth. 

Quite how an individual house will be 
connected in practice depends on several 
factors, but assuming that an underground 
supply is taken to the property, then usually 
a 230V supply will be routed there using an 
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Fig.13a. Three separate phases re- 
quire a total of six connections. 


VR=Vy=VB=Vx 
Vi=Vx x /3° R 
(VL=LINE VOLTAGE) e 


g NEUTRAL 
POINT 





Fig.14a. A star (or “Y”) connection with 
the star being the neutral point. 


armoured cable, see Fig. 16. The steel 
armour is wired as a “protective earth”’ and 
connects the house earth system to the 
earthed star/neutral point of the local 415V 
transformer. 

This completes a good quality metal 
earthing connection between the domestic 
earth system and the star/neutral point of the 
415V transformer. All exposed domestic 





Exposed equipment with safety earth 
wires fitted during maintenance. 





How all exposed steel framework is 
soundly interconnected with copper 
bars and also earthed. 















Fig.13b. A delta or “mesh” connection 
for a 3-phase supply dispenses with 
the need for six wires. The net sum of 
voltages around the delta configuration 
iS Zero. 
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Fig.14b. A 415V 3-phase voltage 
produces 240V across each “load” 
connected to the star point. Since the 
net voltage is zero in the 3-phase sys- 
tem, the star point is neutral, or zero 
volts. It is connected to the ground. 


copper water pipes and other metal work 
which could possibly become live through a 
fault, are hardwired together by “‘equipoten- 
tial bonding’, which ensures that no indi- 
vidual route to earth will be more resistant to 
a fault current than any other. 

Incidentally, the consumer’s neutral may 
also be directly connected to an earth stake 
at their incoming supply, but usually this 
only occurs if the existing earth connection 
path is found to be inadequate, or if no 





A typical armoured-cable_ terminator, 
note the steel armour which is the 
“protective earth”. 


The “neutral resistor” is designed to 
limit fault currents in the generator. It 
connects between the star point and 
earth. 
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Fig.15. How a 415V 3-phase system is utilised to distribute 
230V to the end user. Each “house” uses one phase in order 





to balance the loading on the substation (ref. Fig. 14b). 


earth has been provided at all by the elec- 
tricity supply authority. There are other 
variations on house wiring as defined in the 
IEE Regulations with which a competent 
electrician will be familiar, and who should 
be consulted if individual doubts exist. In 
the case of overhead domestic supplies, the 
earth terminal of the property might only 
be connected to earth but not to neutral. 


Getting Down to Earth 

We have now shown how a 230V a.c. 
supply is derived from a 3-phase 415V 
transformer, noting also that a consumer’s 
neutral wire connects to the transformer’s 
star/neutral point. A separate “protective” 
earth (the steel armour of the underground 
cable) runs between the consumer’s earth 
terminal and the (earthed) star point of the 
transformer as well. What is the point of all 
this “earthing’’? 

It is widely understood that the need for 
“earthing” (or “grounding”? in_ the 
USA/Canada) is a safety measure designed 
to prevent electric shock due to wiring 
faults or insulation breakdowns. More 
accurately, earthing is used as a method of 
ensuring that no open or exposed metal- 


work can accidental- 
ly become “live”’ 
should an internal 
insulation fault arise. 
This aspect is now 
examined in greater 
detail, and it’s useful to start (courtesy of 
National Power) by seeing what happens in 
our adopted power station, Killingholme 
“A”’, before we look at the situation in a 
domestic residence. 

In the field of electricity generation any 
voltages expressed are always understood 
to be between phases rather than with 
respect to earth or “ground’’. A 415V three- 
phase supply has 415V between phases, not 
between a phase and ground (between 
which, 230V a.c. exists). Recall how a 
9-1kV generator coil produces 15-75kV 
between phases, and it is this latter voltage 
which everyone talks about. 

However, the ground or earth plays a 
fundamental safety-related role. Remem- 
bering that the power generator’s output 
takes the form of a star connection, the star 
point has a net voltage and current of zero. 
In practice, the generator’s star point is 
connected to earth via a “neutral” resistor. 


Fig.16. How an earth connection is routed through to a con- 
sumer installation. The steel armoured cable ensures a good 
earth continuity between the installation and the transformer 
star/neutral earth. It is connected via a brass cable gland 
which terminates the cable. 


In the case of the generators used at 
Killingholme “A’’, this resistor fills a metal 
cabinet (see photo), but in older plants the 
resistor can actually be in liquid form, 
made from a tankful of potash and capable 
of handling kilo-amps of current. However, 
it should be realised that the only currents 
which ever flow to earth are fault currents. 

All exposed metal work, instrument 
racking, chassis, cabinets and even the 
metal girders of the power station’s build- 
ings are heavily interconnected with straps 
and bonding wires and also physically 
connected to the earth. This “ring of steel”’ 
ties all of the open metalwork together to 
form the escape route down which fault 
currents can flow. It means also that all 
earthed parts are at the same potential — 
zero or very nearly so. | 

If any fault develops in the generator — 
such as a failure in insulation — then if any 
part of the exposed metal work becomes 
‘live’ there will be an immediate short to 


Heartfelt Shock and First Aid 


HE HUMAN BODY is a water-filled resistor of approximately 3 kil- 

ohms value, and is a good conductor of electricity. Since one 
side of the mains power supply is grounded, then it is possible to 
receive fatal electric shocks if your body comes into contact with 
high voltages — the body will complete a circuit and current will flow 
through the body back to earth. 

The human heart is a muscle which happens to be most suscep- 
tible to stimulation at a frequency of 50Hz. Perversely, this is also 
the frequency of the UK mains supply. 

The effects of shock depend on the level of current which flows 
from a device (and where it flows through the body). Once a certain 
threshold is reached, you will have no control over the actions of 


muscles, which means that you may be unable to release your grip 
on a device and may suffer electrocution. 

A list of effects which would arise if you grasped a “live” appara- 
tus or wire is as follows: 


1mA 
9mA 


Tingling 

Probably still able to release the device 

16mA Borderline on ability to release the device 

20mA Unable to release the device 

16mA to 50mA Pain, possible unconsciousness. Heart and 

respiratory functions probably continue. 

Heart tremor, asphyxia due to respiratory 

paralysis. Severe shock and burns. Possible death. 
Burns are caused when current passes through the skin tissue, 

and because of their penetrating action, electric burns can be much 


> 100mA 


deeper than their size might suggest. Extremely serious burns can 
result from contact with high voltage power lines. 


First Aid 
In the event of a person receiving a suspected electric shock from 

the domestic mains supply, you should act quickly and calmly to 

help the victim, without exposing yourself to the same risk of 
electrocution. 

e@ Avoid touching the victim if he or she may still be in contact with 
the mains. Switch off and unplug, or use an insulating wooden 
pole or wooden chair to push the victim clear of the supply. 

If the victim has stopped breathing, you should apply artificial 
respiration immediately. 

Then treat burns immediately. Relieve pain and reduce tissue 

damage by cooling the affected area with plenty of clean cold 

running water, or apply ice, frozen produce etc. 
Remove any items of a constrictive nature (rings, watchstraps, 
bracelets) before swelling starts. 

e Apply a sterile dressing for protection from infection. Do not 
apply lotions, creams or ointments nor prick blisters. 

e Seek medical attention. 

No attempt should be made to help victims of high voltage 
electrocution unless it is certified that the power source has been 
completely isolated. See the section “Leaps and Volts” for more 
information. 
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earth, because the star point is connected to 
earth as well. The neutral resistor will limit 
the current and prevent a serious failure. 

Although a fault current will now flow, this 
will be detected by earth fault relays, current 
transformers, circuit breakers or other 
devices. In the case of a major generator fault, 
the neutral resistor is capable of withstanding 
many tens of amperes for five seconds, at a 
potential of some 10kV or more. 


Ground Force 

In the simple example of Fig.17, a gen- 
erator phase has shorted to an imaginary 
steel girder, one end of which is connected 
to earth. It will be seen that the neutral lim- 
iting resistor now forms the load for the 
winding and a fault current will flow down 
to earth and through the resistor, which 
limits the current. 

In his several days on-site at 
Killingholme “A’’, the author saw countless 
examples of all kinds of earth straps and 
leads which are designed to ensure high 
tension fault currents find their way direct- 
ly to earth. It clearly makes a great deal of 
sense to make it easy for fault currents to 
flow through a massive conductor — the 
ground — and trip a circuit breaker in the 
process to disconnect the supply. A similar 
form of protection is used in the home. 

Remembering that the power station also 


uses electricity itself for its own systems, it 
is interesting to note that even if the worst 
happened and power was lost entirely, the 
power station has a Battery Room contain- 
ing several very large banks of lead-acid 
accumulators which offer 48V, 110V and 
220V d.c., sufficient to power auxiliary 
equipment for many hours. Safety regula- 
tions (danger caused by sparks) prevented 
any photography in this area. 


Greetings, Earth Links 

We can draw parallels with the preceding 
principles to examine the need for earthing 
at a domestic or commercial installation. 
The “neutral’’ wire of a 230V a.c. supply is 
provided by the star/neutral point of the 
transformer and is therefore always close to 
zero volts with respect to the incoming 
“live”. The star/neutral point is also 
earthed as shown in Fig.14b and Fig.15. A 
separate good quality metal earth connec- 
tion usually runs between the installation’s 
earth circuit back to the transformer (e.g. to 
its metal body, which is also earthed). 

The arrangement for domestic/com- 
mercial installations is virtually identical 
to that used by the power station genera- 
tors to isolate failures in the insulation or 


then it will be very easy for “escaping”’ 
fault current to flow to earth as well: it 
will strive to complete the circuit back to 
the earthed star point of the 415V trans- 
former. In so doing, a massive current will 
flow which will melt an in-line fuse or 
operate a circuit breaker. (A separate box 
out “Fuses — The Race to Protect” gives 
a little more background to domestic cir- 
cuit breakers and fuses.) 


Heated Exchange 

Taking the example of an ordinary elec- 
tric heater (see Fig.18), its metal casing 1s 
connected to the earth terminal of the 
mains plug. Alternating current flows 
between the live and neutral wires when the 
heater functions normally. 

If a live wire should come adrift within 
the heater and touch the metal cabinet, 
then a heavy current will flow to earth 
which will melt the fuse in the mains 
plug, thereby disconnecting the supply. 
Such action prevents the user from being 
able to touch a “live’”’ metal cabinet and 
acquire a potential, because he or she 
could be fatally injured by the fault cur- 
rent flowing through the human body en- 
route to earth. 


Fuses — The Race To Protect 


Fuses are the “last gasp” and sometimes the only protection 
found in most domestic electric appliances as well as electronic 
circuits. A fuse is primarily used in a mains plug-top to oversee 
the mains cable (power cord) and will “melt” if the cable is severed 
or damaged, when an excessive current could flow. The fuse is 
also intended to disconnect the mains supply should an insulation 
fault, such as a short to earth, arise within the apparatus. 

Fuses are the most rudimentary type of over-current protection 
and rely on a wire melting to interrupt the supply. They offer little 
protection to human beings in preventing electric shock, other 
than to disconnect the supply if an overload condition (e.g. a short 
to earth) occurs. 

Old open-type fuses found in some fuseboards contain bare 
wire which will melt if the rated current is exceeded. However, fuse 
wire can eventually start to oxidise which may cause premature 
failure. An HRC (High Rupture Capacity) fuse uses a sand-filled 
ceramic cartridge to prevent oxidation and also to extinguish the 
arc. These are typically found in UK mains plugs but larger ver- 

| sions are used in industry. Continental fuseboards use such 
ceramic cartridge fuses as well. 

Electronic equipment often utilises a variety of glass-bodied car- 
tridge fuses: 20mm x 5mm for up to 10A current, whilst larger 
32mm (11/4in.) types are produced with ratings exceeding 25A. 
Some types are anti-surge, meaning that they will not “nuisance 
trip” when equipment surges during first powered up. /t is always 
very important that fuses are replaced with the same type, size 
and rating. Failure to do so may cause both a fire and an electro- 
cution hazard. 

The miniature circuit breaker (or MCB) is a resettable form of 
fuse or “trip switch” which will act to open the circuit when an 
excessive current is drawn by the load. The best form of protection 
though is Residual Current Device or RCD, also known as an 
earth leakage circuit breaker (ELCB) or Ground Fault Circuit 
Interrupter (GFCl) in the United States. 

These devices “look for’ an imbalance between the currents 
flowing in the live and the neutral wires. If any difference arises, 
any losses must be due to current leaking to earth, and an RCD 
will typically trip within 40ms of detecting an earth leakage current 
of 30mA. 

Not to be confused with an MCB, a Residual Current Device 
offers the best personal protection against electrocution and is a 
wise investment when using outdoor power tools. Most RCDs now 
offer “double-pole” protection which disconnects both the Live and 
the Neutral wires to ensure total isolation, and feature a test but- 
ton. Fuseboards fitted with RCDs are now quite common. 
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Fig.17. A “neutral” resistor connects the generator star point to 
the earth to limit any fault currents. Here, the Red phase has 
shorted to earth, via a steel girder in this simple example. 


415V 


TRANSFORMER ELECTRIC LOOSE 


= WIRE 


LARGE FAULT 
CURRENT FLOWS 
TO EARTH AND 
MELTS FUSE 


*ee— = = = 


“PROTECTIVE 
EARTH" EARTH BONDED 


CONDUCTOR TO EXPOSED 
(IF FITTED) METAL CABINET 


Fig.18. How earthing ensures that any insulation breakdowns 
will cause a fuse to melt, thereby disconnecting the supply. A 
large fault current flows to earth, when a loose wire shorts the 
230V live wire to earth, via the earthed metalwork. 
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Fig.19. A “floating” (unearthed) supply can still give rise to 
electrocution risks caused by stray capacitance or poor 
insulation completing a path back to neutral. (Adapted from 
Guide to IEE Wiring Regulations (15th Edition) — J. F. Whitfield.) 


There is a counter-argument which states 
that if no earth were installed, then even if 
a human being did accidentally touch a live 
terminal, no ill effects could arise because 
there would be no reason for current to 
flow through the body to earth. The body 
would merely be “‘floating”’ at the live volt- 
age but no potential difference would exist 
across him or her, and no harm would be 
done. 

Anyone who has suffered at the hands of 
a very cheap open-type mains transformer 
will know that standards of electrical insu- 
lation are sometimes less than 100 per cent, 
and leakage currents can occur. This means 
that the earth (or, say, the chassis of an 
apparatus) could still not be completely 
isolated from the supply even if the supply 
has no apparent direct connection to earth 
and is supposed to be “floating”. Poor 
insulation allows a leakage current to flow 
given a suitable opportunity. 








There are other ways in which the earth 
can form a return path for fault currents, even 
if the supply is supposed to be “‘floating”’. As 
IEE guidelines state, electrical insulation can 
itself be thought of as a capacitor dielectric, 
with the live wiring forming one “plate” and 
the earth forming the other. 

This stray capacitance could form an 
adequate route for an a.c. fault current to 
pass, should a human body accidentally 
contact a live wire (see Fig.19). There is 
thus the prospect of receiving an electric 
shock from earth fault currents even if it is 
thought that the mains supply is floating 
and supposedly unearthed. 


In Shock 


Still on the subject of accidental elec- 
trocution, the human body, being full of 
water, is the walking equivalent of a 3 
kilohm resistor and it only takes a current 
of 20mA to pass through a muscle to 
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cause uncontrollable spasms and render 
the body unable to release a live wire. A 
separate box out entitled “Heartfelt 
Shock” explains some things about the 
human body and its reaction to electric 
shock, and there is also some useful first 
aid advice to help with cases of suspected 
electrocution. 

There are various earthing configura- 
tions permitted under the UK Institute of 
Electrical Engineers’ Wiring Regulations, 
but how earthing is achieved in an installa- 
tion depends on whether the incoming sup- 
ply is via underground cables or from an 
overhead supply. Due consideration is also 
paid by installers to the method by which 
earthing has been implemented in the local- 
ity by the supply authorities. 

It should be again emphasised that the 
domestic electricity supply should 
NEVER be interfered with oer under 
expert guidance. [ ] 
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PRACTICALLY SPEAKING 


Robert Penfold looks at the Techniques of Actually Doing It! 


APACITORS must rank as just about 

the simplest form of electronic com- 
ponent, and a capacitor is basically just 
two metal plates with a layer of insula- 
tion in-between. The insulating layer is 
called the dielectric. 

Practical components are usually in 
the form of two strips of thin metal foil 
interleaved with two strips of plastic foil. 
The strips are rolled or folded up to pro- 
duce small components that have a 
large plate area. This enables high val- 
ues of capacitance to be condensed 
into small physical volumes. 

Although capacitors are fundamen- 
tally quite simple, they seem to cause 
more confusion than all other types of 
component combined. Supposedly, the 
reason for this is that there are so many 
different types available. If you look in 
one of the larger component cata- 
logues for a 1nF capacitor you will 
probably have about 15 to 20 compo- 
nents of this value to choose from! So 
how do you select the right one? 


Square Pegs Into... 

When dealing with capacitors you 
have to take into account the physical 
characteristics of the components as 
well as their electrical ratings. 
Capacitors come in a variety of shapes 
and sizes, and it might be impossible to 
fit a component into the available space 
on the circuit board if you do not 
choose carefully. Taking a 1nF capaci- 
tor aS an example, they are readily 
available in printed circuit mounting 
versions with various lead spacings, 
axial versions, and even leadless 
surface mount versions. 

Printed circuit mounting (pcm) 
Capacitors are usually box-shaped 
components, but they are sometimes 
disc-like, cylindrical, or even globular in 
appearance. Whatever the shape, they 
have what are usually very short lead- 
out wires emanating from the same 
side of the component. This makes it 
easy to fit the capacitor onto a printed 
circuit board, but only if the spacing of 
the leads matches that of the corre- 
sponding holes in the circuit board. 

With the early printed circuit mount- 
ing capacitors any attempt to manoeu- 
vre them into a layout having the wrong 
lead spacing usually resulted in one of 
the leads breaking off. Modern capaci- 
tors of this type are much tougher, but 
it still pays to be very careful when 
dealing with the open construction 
type. Due care needs to be exercised 
when soldering them in place, since the 
heat from the iron tends to weaken the 
joints that hold the leads in position. 

The types that are encased in plastic 
are much tougher, and can usually be 
manipulated into place without too 
much difficulty. However, this is only 
likely to work if you are moving up or 
down by 2:-5mm (0:1in.). Using compo- 
nents having the wrong spacing gives 
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physically weaker results and could 
compromise reliability. 

Axial capacitors are tube-shaped com- 
ponents with a leadout wire at each end, 
like ordinary resistors. It is sometimes 
possible to fit an axial component in 
place of a printed circuit mounting type, 
but it may be necessary to mount it verti- 
cally. This again gives a physically weak 
construction and is best avoided. 

Printed circuit mounting capacitors 
are unlikely to fit into a layout intended 
for axial components. It can sometimes 
be achieved with the aid of soldered-on 
extension leads, but this type of thing 
gives scrappy looking results and very 
poor reliability. This is all right as a stop- 
gap solution to get a project “up and 
running” until the proper component 
can be obtained, but it is not viable as 
a normal construction method. 

Modern component layouts tend to 
be quite compact, and the amount of 
space available for each component is 
usually very limited. The fact that a 
capacitor has the right lead spacing or 
the required axial case style does not 
necessarily mean that it will fit into the 
layout. Particularly with axial compo- 
nents and the higher value printed 
circuit mounting types, there are 
enormous variations in size. 

Some capacitors have an overall 
length that is about the same as the 
lead spacing, while with others the 
overhang at each end is so great that 
they are about 50 per cent longer than 
the lead spacing. If space on the circuit 
board is limited it is advisable to check 
the maximum dimensions of the capac- 
itors in the component catalogue, and 
to make some measurements to check 
that they will fit into the layout. 


Foiled Again 


Having found a capacitor that will fit 


into the layout correctly, how 
do you know whether or not 
it is suitable electrically? 
The components list should 
give some basic guidance, 
and for any out of the ordi- 
nary capacitors it should be 
specific. 

In components lists and 
catalogues you will normally 
find capacitors referred to as 
something like “ceramic”, 
“Mylar”, or “polyester”. This 
is the material used as the 
dielectric. The best dielectric 
depends on the application 
for the capacitor. 

Ceramic Capacitors 
operate well at high fre- 
quencies, but their toler- 
ance ratings are usually 
quite high and their values 
can change quite drama- 





having a plastic foil such as polyester 
or Mylar are generally more accurate 
and stable, but do not work efficiently at 
very high frequencies. Silvered mica 
(also known as just plain “mica”) 
Capacitors are used where the ultimate 
in stability is required, but these are 
only available at low values of up to 
about 1nF. 

Letters from readers having prob- 
lems with projects sometimes point out 
that certain capacitors they are using 
are not the correct type, and query 
whether this could be the cause of the 
problem. Using capacitors of the wrong 
type is definitely not a good idea, but it 
is unlikely to prevent a project from 
working at all. 

If a filter requires expensive plastic 
foil capacitors having a tolerance rating 
of 5 per cent, but you use lower quality 
plastic foil or ceramic components, it 
will still work after a fashion. However, 
the filter frequency could be well away 
from the required figure and there 
could be other anomalies in the fre- 
quency response obtained. 

If plastic foil capacitors are used 
instead of ceramic types the circuit 
could operate inefficiently, and in some 
cases there is a risk of it becoming 
unstable. If a radio design requires 
mica capacitors but inexpensive ceram- 
ic plate capacitors are used instead, 
the frequency coverage could be incor- 
rect, and the tuning could drift. 

In many circuits the exact type of 
capacitor used is not critical, but unless 
you know exactly what you are doing it 
is best to use only the specified type. If 
an unusual capacitor is required the 
components list should make this clear, 
and there will probably an explanatory 
note somewhere in the article as well. 

For example, most capacitors can 
work safely at potentials of 100V or 


tically with changes in Eight varied types of capacitor of 1uF or so in value. 
temperature and the pas- The disc ceramic one (bottom right) is physically the 
sage of time. Capacitors smallest, but has the highest value. 
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more, whereas most circuits operate at 
15V or less. Consequently, maximum 
operating voltages are not always 
specified in component lists because 
they are irrelevant. If a circuit requires a 
high voltage capacitor then the operat- 
ing voltage will be specified, and there 
will probably be a warning note in the 
text of the article as well. 


High Values 

Ordinary capacitors are only avail- 
able in values of up to about 1uF or so. 
Higher values tend to be rather bulky 
and expensive to manufacture. Many 
circuits do actually require higher val- 
ues though, and these values are avail- 
able in the form of polarised capacitors. 

By far the most common form of 
polarised capacitor is the electrolytic 
type. Internally an electrolytic capacitor 
is not much different to a plastic foil 
type, and it mainly differs in that the 
dielectric is in the form of a paper like 
material impregnated with an elec- 
trolyte. This enables small components 
having values of hundreds or even 
thousands of microfarads to be 
produced at low cost. 

Unlike ordinary capacitors, the elec- 
trolytic variety only works properly 
when supplied with a d.c. potential of 
the correct polarity. You therefore have 
to be careful to connect them the right 
way round. If an electrolytic capacitor is 
connected with the wrong polarity the 
circuit will probably fail to work and in 
many cases there will be a real danger 





‘t4 


From left to right, radial electrolytic, 
axial electrolytic and tantalum capaci- 
tors. Although it has a value of 22uF, 
the tantalum has a maximum diameter 
of just 3mm. 


of a high current flowing and the 
Capacitor literally exploding. 

Always be careful to fit electrolytic 
Capacitors with the correct polarity, espe- 
cially when dealing with high value com- 
ponents. The polarity is indicated by “+” 
and (or) “—” marks on the components 
themselves, and on the layout diagrams. 
With the axial versions there is also an 
indentation around the end of the body 
that has the positive leadout wire. 

As pointed out previously, maximum 
operating voltage is not normally a 
consideration when dealing with capac- 
itors. The situation is different with 
electrolytic capacitors though, as they 
often have quite low maximum voltage 
ratings. Component lists, therefore, 
usually indicate a suitable “working” 
voltage rating for each electrolytic 
Capacitor. 





From the electrical point of view 
there is no problem in using a compo- 
nent having a higher voltage rating than 
the one specified. Physical size is again 
an issue here though, and higher volt- 
age rating normally translates into 
increased bulk. An electrolytic capaci- 
tor having a grossly excessive voltage 
rating is likely to be far too big to fit into 
the available space on the circuit board. 


Making the Grade 
There are alternatives to electrolytic 
capacitors, but the only common one is 
the tantalum variety. These are also 
known as “tantalum beads”, due to 
their round and bead-like appearance. 

Electrolytic capacitors provide high 
values in small physical volumes, but 
they tend to have high tolerances, high 
leakage currents, poor high frequency 
performance, and poor stability. 
Tantalum capacitors, on the other 
hand, offer much better performance, 
but at what is usually a much higher 
cost. 

Like electrolytics, the tantalum vari- 
ety is polarised and must be connected 
the right way round. Tantalum capaci- 
tors are very intolerant of polarising 
voltages of the wrong polarity, so be 
very careful to fit them the right way 
round. 

Most component 
catalogues now list 
some superior grade 
electrolytic capaci- 
tors that give 


improved perfor- 
mance over “bog 
standard” compo- 


nents. If a compo- 
nent list specifies a 
tantalum component 
or an “improved” 
electrolytic type it is 
essential to use a 
high quality compo- 
nent here. 


Variable Capacitors 


Variable capacitors are little used 
outside the realm of radio where they 
act as the tuning controls for radio 
receivers, signal generators, and so on. 
Strictly speaking a variable capacitor 
has two values, which are its maximum 
and minimum values. In practice it 
tends to be only the maximum value 
that is specified. The values available 
are quite low, and 500pF is the highest 
value you are likely to encounter. 

There are two main types, which are 
the air-spaced and solid dielectric vari- 
eties. Air-spaced variable capacitors are 
the most expensive, and use air as the 
dielectric. There are two sets of metal 
vanes, one fixed and one that can be 
rotated via the spindle. Moving the rotating 
vanes into the fixed ones increases the 
capacitance of the component, and sepa- 
rating them reduces the capacitance. 

It is essential to use the “kid glove” 
approach with air-spaced capacitors 
since the slightest distortion of any 
vane is likely to cause a short circuit at 
some settings of the component. Some 
careful straightening wil usually 
redeem the component, but could 
significantly change its value. 

Solid dielectric capacitors are much 
the same as air-spaced components, 
but have thin sheets of plastic to ensure 





The fixed and moving vanes can be clearly seen on the air- 
spaced component (left). The variable capacitor on the right 


Sometimes an /s a large solid-dielectric type. 


ordinary electrolytic 
capacitor will not work in place of a 
superior grade component or a tanta- 
lum capacitor. A timing circuit may fail 
to time-out, or a low frequency oscilla- 
tor might fail to oscillate. In a less 
extreme case operation may be erratic, 
with a timing circuit producing elongat- 
ed and variable delay times. 

lf a superior grade electrolytic is 
needed for a switch-mode power sup- 
ply there is a risk of the circuit coming 
to expensive grief if a cheap electrolyt- 
ic is used instead. If a high quality 
Capacitor is specified in a component 
list, it has been specified for a reason. 

Some polystyrene capacitors look as 
though they are polarised, because 
they have one end of the body tinted 
red (sometimes yellow). In some high 
frequency circuits it is better if the com- 
ponent is connected one way round or 
the other, and this is where it would not 
be a good idea to have the outer plate 
of the capacitor connected to a sensi- 
tive part of the circuit. These capacitors 
are not polarised though, and in most 
Circuits they can be connected either 
way round. 
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that the two sets of vanes cannot short- 
circuit. This makes it possible to 
produce smaller and cheaper compo- 
nents, but with reduced stability. It is 
tempting to use a cheap solid dielectric 
variable in place of an air-spaced type, 
but results are likely to be poor. 

Read the “fine print” before buying 
one of the very cheap solid dielectric 
variable capacitors. Some of these 
have very short spindles of a non-stan- 
dard diameter. 

There are preset versions of variable 
Capacitors, or “trimmers” as they are 
often called. Some are basically just 
scaled down versions of variable types. 

Compression trimmers are a form of 
solid dielectric variable capacitor, 
where the vanes are made from a 
springy metal. By adjusting a screw the 
vanes can be forced closer together to 
give increased capacitance. 

Trimmers vary greatly in size and 
shape, and it will usually be necessary 
to seek out the exact component spec- 
ified in the component list. Otherwise 
physical considerations may make the 
component unusable. | 
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Constructional Project 





CHILD 
GUARD 


TOM WEBB 


Provides an audible warning If 


Children land others) approach a fire. 


HILD Guard is a design intended to 
i help prevent young children from 
burning themselves. It does so by 
means of an audible warning if the child 
approaches a hot fire. The circuit may be 
used with any equipment designed to pro- 
duce heat, e.g. electric, gas or coal fire. 
The design produces a coded infra-red 
beam which detects the proximity 
of a person by bouncing infra-red 
off them as they approach, yet 
without being confused by other 
infra-red sources. A separate sen- 
sor detects the random infra-red 
radiation being emitted from a 
hot fire. If anyone approaches the 
fire, a warning buzzer sounds. 
The block diagram in Fig.1 
shows how the circuit is split up 
into separate sections. 


INFRA-RED CODING 


A system based on a continuous infra- 
red signal would not work in this applica- 
tion, since the receiving circuit would be 
heavily influenced by stray background 
infra-red emission from lights etc. A 
coded infra-red signal is better since the 
receiver can be set up to respond to a spe- 
cific code. | 

There are a number of encoding and 
decoding devices available but two from 
Holtek are used for this circuit. An HT12B 
transmitter encodes the signal and adds a 
38kHz carrier signal for greater reliability. 
A separate demodulating sensor detects the 
coded signal and provides a clean output 
waveform with the 38kHz carrier removed. 
An HT12D receiver then decodes the signal 
to give a steady output. 

The HT12B and HT12D devices were 
discussed in detail in the Reliable Infra- 
Red Remote Control article in EPE October 
98, to which readers are referred for more 
detailed information. 


CIRCUIT DIAGRAM 

The complete circuit diagram for the 
Child Guard is shown in Fig.2. 

The circuit around transmitter IC6 is 
designed to produce the coded infra-red 
beam. The 455kHz oscillation frequency 
required by IC6 is generated across pins 15 
and 16 by the ceramic resonator X1, in con- 
junction with resistor R15 and capacitors 
C6 and C7. 
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INFRA-RED 
ENCODER AND 
TRANSMITTER 


The HT12B allows for a binary code of 
between 0 and 255 to be set via its pins AO 
to A7. The pins are internally biased high 
but any may be taken to the OV line to set a 
different code. In this application, only pins 
AO and A1 are connected to the OV line. 

The Dour pin provides the coded output 
superimposed on a 38kHz carrier signal. 


INFRA-RED 
RECEIVER AND 
DECODER 


ASTABLE 
OSCILLATOR 


INFRA-RED 


TEMPERATURE SENSOR 


AND AMPLIFIER 





Fig.1. Block diagram for the Child Guard. 


This drives the infra-red diode D5 via 
Darlington transistor TR3. 

Potentiometer VR3 is in series with DS, 
allowing the transmission power to be var- 
ied. Ballast resistor R16 prevents a power 
supply short circuit through DS and TR3 
when VR3 is set to minimum resistance. 

Infra-red detector [C4 only responds to 
infra-red signals that are modulated by a 
38kHz carrier signal. When it detects a sig- 
nal having this frequency, it outputs it to 
transistor TR1, via resistor R8, which 
inverts and supplies it to the decoder ICS. 

The code to which IC5 responds is set by 
its pins AO to A7. Since pins AO and Al on 
the transmitter (IC6) are connected to OV, 











the same pins on [C5 are also connected to 
OV. 

When ICS receives a correctly coded sig- 
nal, its pin 17 (VT) goes high. This causes 
transistor TR2 to conduct, which turns on 
the reed relay (RLA) and I.e.d. D4. The high 
output from ICS pin 17 also causes capacitor 
C5 to charge up, to provide a delay before 
TR2 turns off again following the end of the 
signal from ICS. This ensures that the relay 
does not go on and off too quickly. 
Diode D2 prevents C5 discharging 
into the VT pin. 

Resistor R10 sets the oscilla- 
tion frequency for IC5 to the 
required rate of 150kHz. The 
value is chosen to suit a power 
supply of between 4-5V and SV. 

The I.e.d. D4 is used to indicate 
that the circuit has received the 
signal. 


HEAT/FIRE SENSOR 


When the reed relay is turned on, power 
is now supplied to the temperature sensor 
circuit through the relay contacts RLAI. 
Power is conserved by keeping this circuit 
switched off when a coded infra-red signal 
is not being received. 

Two heat sensors are used in this circuit, 
IC1 and IC7. They are TSL260 devices, 
chosen because they are sensitive to lower 
frequency infra-red, in the spectral range of 
350nm to 1050nm, such as that radiated 
from hot fires. The intention of allowing for 
two heat sensors is in case there are two 
heat sources to be watched. 


Completed Child Guard with two heat sensors. 
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The heat sensor outputs are jointly fed to 
the op.amp comparator stage formed 
around IC2a and IC2b. The bias voltage at 
the non-inverting input of IC2b is con- 
trolled by preset VR1, which is used to 
compensate for differences in d.c. output 
from the sensors. Preset VR2 adjusts the 
op.amp’s gain. 

The output from IC2b feeds into IC2a, 
which acts as an inverting comparator. 
When the voltage at pin 2 reaches the 
threshold voltage set on its pin 3 by resis- 
tors R3 and R4, the output from pin 1 
switches from almost +5V to almost OV. 
This triggers the astable IC3, which now 
starts oscillating, causing warning beeps to 
be output from the buzzer, WD1. | 

The output frequency of [C3 is set by the 
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components on its pins 2 and 6. Capacitor 
C1 charges up through a small value resis- 
tor, R5, and then discharges through a larg- 
er value resistor, R6. Diode D1 allows the 
capacitor to charge up quickly, bypassing 
R6, but discharge slowly via R6. This caus- 
es an uneven mark-space ratio so the 
buzzer (an “active” type) generates a short 
beep with a big pause, to reduce irritation 
to the user. 

The beep length is calculated as 
0-7x 100kQ2x4-7uF=0-329 seconds. The 
pause length is calculated as 0-7x 
1MQ2x4-7u=3-29 seconds. 


ALTERNATIVE PIR 
OPTION 


The use of a passive infra-red sensor 


(PIR) is another option if you want the 
device to be triggered more easily, detect- 
ing the motion of someone moving near to 


_it. The PIR’s own normally-closed internal 


relay contacts are wired to transistor TR2 
via resistor R11. When the PIR detects 
motion TR2 is turned on, activating relay 
RLA and its contacts. 

Note that R11 is only required if a PIR 
detector is fitted — if a PIR is not included 
it is essential to omit R11. It is. assumed 
that the PIR contacts are normally-closed, 
hence TR2 is normally switched off. When 
the proximity of someone is detected, the 
contacts open and TR2 is switched on, due 
to the current flowing via resistors R11 and 
R12. 

If a PIR is used, IC5 is not required (nor 
















Fig.2. Complete circuit diagram for the Child Guard. The optional PIR sensor is shown in-circuit and is designated X2. 
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can it be used), i.e. the PIR is an alternative 
to the other infra-red detection circuitry. 
Consequently, IC4, IC5 and IC6 and all 
their associate components should be omit- 
ted in this application. 


POWER SUPPLY 


Power to the Child Guard is intended to 
be from a 12V battery. This is suited to 
powering the PIR sensor if used. The bat- 
tery supply is regulated down to +5V by 
IC8 to suit the rest of the circuit. 

Since the standby current is 10mA and 
the “on” current is 50mA, a battery pack 
containing eight AA-size 1-5V cells could 
be used. A 12V d.c. mains adaptor is a suit- 
able alternative. Typically, the latter can 
supply 300mA. 


COMPONENTS 


Resistors 
R1, R3, R4, 
R9, R17 


See 


10k (5 off) GMOP 
TALK 


1002 (2 oft) P#8® 


47k (2 off) 
1k (see text) 
4k7 (2 off) 
3300 
10M 

All 0:-25W 5% carbon film. 


Potentiometers 
VR1 47k min. preset, vertical 
VR2 100k min. preset, vertical 
VR3 470Q min. preset, vertical 


Capacitors 
C1 


4u7 radial elect., 16V 
100n ceramic disc 
1000u radial elect., 16V 
100u radial elect., 16V 
10u radial elect., 16V 
100p ceramic disc (2 off) 


Semiconductors 

D1, D2 1N4148 signal diode 
(2 off) 

D3 1N4001 rectifier diode 
D4 5mm red l|.e.d. 
D5 infra-red diode 
TR1 BC184L npn transistor 
TR2,TR3 = TIP122 or TIP121 npn 
Darlington transistor 
(2 off) 

TSL260 heat sensor 
(2 off) 

IC2 LM358N dual op.amp 

IC3 555 timer 

IC4 PIC26043SM IR receiver 

IC5 HT12D decoder 

IC6 HT12B encoder 

IC8 78L05 +5V 100mA 

regulator 


IC1, IC7 


Miscellaneous 

RLA1 5V SIL reed relay 

WD1 3V to 24V active buzzer 

X11 455kHz ceramic 

resonator 

X2 PIR motion sensor 

Printed circuit board, available from the 
EPE PCB Service, code 241; plastic 
case, size 130mm x 64mm x 42mm, (see 
text); single-hole insulated power socket- 
7 Vo} eo) ce) dam OxeX-y s 


connecting wire; solder, etc. 
Guidance Only 3 O 


excl. PIR Sensor & Case 
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If a PIR is not used, a lower voltage sup- 
ply source may be used, such as a 9V bat- 
tery. Alternatively, a d.c. power supply of 
SV (4:5V) could be used by inserting a wire 
link in the place of IC8. 

Note that ICS and IC6 must not be sup- 
plied with a voltage greater than +5V. 

C2 and C3 are decoupling capacitors to 
help smooth the supply lines. 


CONSTRUCTION 


Apart from the two temperature sensors, 
all the components are contained on a sin- 
gle printed circuit board (p.c.b.). The 
topside component layout and full size 
underside copper foil track master are 
shown in Fig.3. This board is available 
from the EPE PCB Service, code 241. 





Begin construction by soldering in the 
resistors and wire links, noting that one link 
is under the socket for IC2 and another 
under the buzzer WD1. Ensure that the 
electrolytic capacitors (C1, C3, C4, C5), 
transistors, diodes and the buzzer are con- 
nected the right way around. Note that on 
the IR diode (D5) the long leg may be the 
cathode (k) — check with your component 
supplier’s catalogue. Do not insert the dual- 
in-line i.c.s until construction has been 
completed and fully checked. 

If a PIR sensor is not being used then 
R11 must be omitted. If a PIR is being used 
then be sure to connect its power pins to the 
+12V supply rather than the +5V regulated 
supply. Four-core wire can connect the PIR 
sensor to the circuit. 


ie GN 


Fig.3. Printed circuit board component layout and full size underside copper foil 


track master pattern. 
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Components mounted on the prototype circuit board. 
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The IR receiver IC4 has a “dome” on its 
sensitive side, this faces outwards from the 
p.c.b. 

Ultimately, if it is found that the beam 
from the IR transmitter, D5, is being detect- 
ed by the IR receiver, IC4, through stray 
reflection inside the case, the transmitter 
and receiver devices could be partially sur- 


rounded by Blu-Tack, or even a small tube - 


could be used. 


CASING 

A metal box should be used if the device 
is to be positioned very close to the heat 
source, but otherwise a plastic case is suit- 
able. If using a metal case, the p.c.b. should 
be mounted so that it cannot come into 
contact with it, which could cause a short 
circuit across the copper tracks. 

Drill holes in the case to suit the posi- 
tions of the IR receiver and IR diode. 
Suitable holes are also needed for the 
power supply input, and the cables to the 
heat sensors. Additionally, three holes in 
the case are required to allow adjustment 
access to the three preset potentiometers, 
using a small screwdriver. 


HEAT 
SENSOR 


SF 
Sp 


STRIPBOARD 
CUT TO SIZE 


SENSOR FOLDED 
BACK ON LEADS 


Fig.5. Suggested assembly technique 
for the heat sensors. 


It is advisable to use an input socket for 
the power supply, plus a switch, although the 
latter was not used on the prototype. Suitable 
holes for these should also be drilled. All 
holes should be drilled accurately to corre- 
spond with their respective components. 

Position the p.c.b. so that the IR receiver 
and diode are as close as possible to their 
case holes, as shown in Fig.4, to prevent 
any loss in range. 

You can either have the heat sensors 
mounted on the outside of the box or in a 
separate box attached to 4-core wire. This 
enables two separate heat sources to be 
detected. 


The heat sensors are each mounted on. 


small pieces of stripboard, as shown in 
Fig.5a. Since they could receive interfer- 
ence from surrounding lights, causing the 
circuit to be active all the time, they need to 
be partially enclosed. One option is to sur- 
round them by a metal tube, otherwise a 
piece of plastic tube may be used if it is 





TO PIR 
CONTACTS 


Rt, 


+VE SUPPLY 
OUTPUT 





+VE SUPPLY 
OUTPUT 


Fig.4. Child Guard p.c.b. and its connections within the case. 


covered by some white insulating tape. 

The stripboard should be cut to the right 
size to fit into the tube. Construction of the 
sensor tubes is shown in Fig.5b. Use small- 
diameter 3-core cable to attach the sensors 
to the circuit (or use 4-core cable and trim 
off the fourth wire at each end). 


TESTING 


The first check is to make sure voltage 
regulator IC8 is the correct way round. 
Connect the circuit to the battery and then 
check that +5V is present on the output pin 
of IC8. If it is, disconnect the power and 
then insert the remaining chips, correctly 
orientated. 

Testing of the infra-red modules presents 
a problem as if one does not work then the 
other will seem not to be working as well. 
If in doubt use a voltmeter or oscilloscope 
as follows: 


Test the voltage on the VT pin (pin 17) on 


ICS (receiver). It should be normally at OV 
but change to about 5V when a signal is 
received. If the VT test fails then check that 
IC4 is fitted the right way round, with its 
“dome” facing the outside edge of the p.c.b. 

Now check three voltages on the pins of 
IC4. Pin 3 should be +5V and pin 2 at OV. 
When a signal is not received, pin 1 (the 
output pin) should be at just under 4V. 
When a signal is received this voltage 
should fall by about 1V. 

Note that as the signal is oscillating, a 
voltmeter provides a rather approximate 
guide to voltage. If an oscilloscope is avail- 


Completed Child Guard showing the heat sensors and power socket wired to the p.c.b. 
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able it should be possible to view the 
encoded signal, in which case the trace will 
rise and fall between 4V and OV. 

If this test fails then try sending a signal 
from a TV remote control unit. The signal 
will not be decoded, but you will at least 
know if the receiver device is working, and 
hence determine if the fault lies in the 
transmitter or the receiver, or both. 

If the output from IC4 is working, test 
the signal at the Data In (pin 14) of ICS. It 
should be at about OV when no signal is 
received, rising to about 1-3V on a volt- 
meter when a signal is being received. An 
oscilloscope will show that the signal 
actually pulses to about 5V. 

If the VT pin on the receiver is working 
then simple voltmeter tests should establish 
the position of any other faults. 

While testing the temperature sensing 
part of the circuit, connect the +5V supply 
to test point TP1, as this will give that part 
of the circuit a constant +5V supply, rather 
than being cut off by the reed relay when-’ 
ever you move out of the range of the infra- 
red beam. Use a torch to provide a source 
of infra-red to the sensors. 


SETTING-UP 


All the presets can be adjusted to suit the 
user’s own particular needs. The following 
is a summary of their functions: | 

VRI1 is in a potential divider circuit 
which sets the voltage at which the com- 
parator (IC2a) is triggered. Reducing the 
resistance lowers the voltage being looked 
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“windows”. 


for, which increases the sensitivity. Note 


that if the resistance is lowered too much, 
the circuit will pick up background IR 
radiation. 

VR2 sets the feedback resistance for 
op.amp IC2b, thus setting its gain. If the 
resistance is increased, the gain is 
increased, along with the sensitivity. If the 
reistance is increased too much, the circuit 
will pick up background radiation. 

VR3 adjusts the range of the infra-red 
beam by decreasing or increasing the 
power going through IR diode D5. 


FRE 


Finished Child Guard together with a miniature PIR Sensor. The heat sensors are 
encased in tubes. Note the holes for setting the presets and the transmitter/receiver 





Reducing the resistance extends the range. 


COMMON PROBLEMS 


Typical construction mistakes include 
dry joints and bridged pads i.e. adjacent 
pads accidentally joined together with sol- 
der. Other potential problems might 
include failure to insert wire links, espe- 
cially the one under IC2 and the buzzer. 

Also check that the components are cor- 
rectly placed, and the correct way round. 
Note again that some IR 1.e.d.s are unusual 
in that the longer lead denotes the cathode. 





If the PIR sensor is not working, then check 


‘that you have connected it to the 12V 


supply. 
IN USE 


The system can be used in many ways, 
but the main intention is to give a parent a 
warning if their child approaches a heat 
source, such as a fire. It is especially useful 
if they have inquisitive babies who are 
beginning to walk. 

Another use could be to warn blind or 
partially sighted people if they are about to 
touch something dangerously hot, such as a 
stove. 

The Child Guard could be placed above 
the heat source (e.g. fire) to be monitored, 
with both sensors facing it, and the IR 
diode or PIR detector facing into the room. 
Another location could be above a stove, 
this time with the heat sensors pointing 
towards the hobs. EJ 





CITY & GUILDS 7261 QUALIFICATION 


Electronics & Computing systems 
Certificate or Diploma levels 


Young or old, Employed or Unemployed these courses are 


designed to suit all 
2 days per week for 30 weeks, or 4 days if on a New Deal 
program 


Training rooms in the following areas: 


Birmingham; 0121 200 2646 
Chelmsford; 01245 345 218 
Gravesend; 01474 535034 
South London; 0171 274 4106 


Other courses are available: 
Telephone your nearest centre for more information 


We are an Equal Opportunities organisation 


Bridgwater; 01278 445 210 
Derby; 01332 202828 

East London; 0181 507 1377 
West London; 0181 566 5252 
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PIC BASIC 


Write your PICmicro programs in BASIC! 


Quicker and easier than ‘‘C’’ or assembler Expanded 
BASIC Stamp | compatible instruction set. True com- 
piler provides faster program execution and longer 
programs than BASIC interpreters. 12CIN and 121COUT 
instructions to access external serial EEPROMs. More 
user variables Peek and Poke instructions to access 
any PiCmicro register from BASIC. Serial speeds 
to 9600 baud. In-line assembler and Call support 
(call your assembly routines). Supports PIC12C67x, 
PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 92x and PIC16F8x 
microcontrollers. Use in DOS or Windows Compatible 
with most PiCmicro programmers. 

The low-cost PicBasic Compiler (PBC) makes it easy to 
write programs for the fast Microchip PICmicros. PBC con- 
verts these programs into hex or binary files that can be 
programmed directly into a PlCmicro microcontroller. The 
easy-to-use BASIC language makes PlCmicro programming 
available to everyone with its English-like instruction set. No 
more scary assembly language! 


The PicBasic Pro Compiler runs on PC compatibles. 
It can create programs for the PIC12C67x, PIC12CE67x, 
PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 9xx, PIC16CE62x 
and PIC16F8x microcontrollers. The PicBasic Pro Compiler 
instruction set is upward compatible with the BASIC Stamp 
ll and Pro uses BS2 syntax. Programs can be compiled 
and programmed directly into a PlCmicro, elliminating the 
need for a BASIC Stamp module. These programs execute 
much faster than their Stamp equivalents. They may also be 
protected so no one can copy your code! 
Pic Basic — £49.95 
Pic Basic Pro — £149.95. 
Supplied with full documentation 
Free PIC MACRO compiler 
and 
sample basic programs 
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EPIC ™ 


@lLow cost programmer for PIC12Cxxx, 
PIC12CExxx, PIC14Cxxx, PIC16C505, 55x, 
6xx, 7xx, 84, 9xx, PIC16CE62x and PIC16F8xx 
BE cucu on ilable for 8/18- and 40/28- 

adapters available tor an -pin 
DIP, 8-, 18- and 28-pin SOIC, 44-pin MQFP 
and 44- and 68- -pin PLCC PiCmicros 

e Runs off two 9-volt batteries or optional AC 
adapter 

e@ Connects to PC parallel printer port 

e@ Software upgradeable for future PICmicros 

@ Includes “8051” style PICmicro macro 
assembler 

@ Available assembled and tested or 
as bare board with diskette 
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EPic Programmer £49, 95 
or £35 if purchased with 
PIC BASIC or Pro 
25-pin cable £5.95 
PIC16F84 £1.90 


Alll plus £5 P&P and 17:5% VAT 
Join the world wide PIC Basic mail list and access the PIC Basic Knowledge Base via FTP 
E-mail: majordomo@qunos.net with “subscribe picbasic-1” in the message 


PIC16F84/04P £1.90 each 


PIC PROGRAMMER KIT 


Programs the Popular PIC 16C84, 16F84, 24xx series serial memory devices. Connects to the 
serial port of a PC and requires NO EXTERNAL power supply. The kit includes instructions for 
assembly, circuit diagram and component layout. 


PIC12C508/509 £0.65 each 
24LC16 £0.75 each 
24LC65 £1.50 each 
PIC16C620 £1.95 each 
PIC16C621 £2.25 each 
PIC16C622 £2.50 each 
LCD DISPLAYS 


Various types available from 
£7.50 (2x16 line) 
Ideal for use with PIC Basic. 
Example code supplied 
with every unit 





Serial LCB Display 
_ Drivers (PIC16F84) 
£2.00 


AMAZING LOW PRICES 





This handy little programmer is easy to build, taking no more 
than 30 minutes to assemble and test. The Professional quality 
PCB is double-sided, through-plated with solder resist and 


screen printing to aid efficient assembly. It is supplied with driver. 
software to run in DOS on a 286 PC upwards and under | 
Windows 95 on 486 or Pentium and a Disk full of interesting = 


projects, tips and data sheets for PIC devices, including FREE 
Assembler and Simulator. 
Only £15.00 including Delivery and VAT 


(requires 9-pin D-type to 9-pin D-type cable to connect to serial 


port of PC) 
CABLE £5 INC VAT AND DELIVERY 


PIC Micro CD ROM Packed with 600Mb of information, all current data sheets, 
Programs and Diagrams, Application notes, PDF Viewer, includes PING-PONG and TETRIS 


with video and sound out of a PIC’84 BASIC language ASSEMBLY routines! 


£10 inc P&P & VAT 





Crownhill Associates Limited 
The Old Bakery, New Barns Road, Ely, Cambridge, CB7 4PW 


Fax:01353 666710 


E-mail: sales@crownhill.co.uk 


Tel: 01353 666709 


www.crownhill.co.uk 
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Our regular round-up of readers’ own circuits. We pay 
between £10 and £50 for all material published, depending 
on length and technical merit. We're looking for novel 
applications and circuit tips, not simply mechanical or 
} electrical ideas. |ldeas must be the reader's own work and 
not have been submitted for publication elsewhere. 
The circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for 
consideration in this column should preferably be typed or 
word-processed, with a brief circuit description (between 
100 and 500 words maximum) and full circuit diagram 
showing all relevant component values. Please draw all 
circuit schematics as clearly as possible. 
Send your circuit ideas to: Alan Winstanley, Ingenuity 
Unlimited, Wimborne Publishing Ltd., Allen House, East 
Borough, Wimborne, Dorset BS21 1PF. 
They could earn you some real cash and a prize! 


Theatrical Cue Light — im the Spotlliigint 


TT CIRCUIT diagram presented in Fig. 1 
will provide a simple but effective means 
of communication between a theatre stage 
manager and lighting operator so that the 
stage manager can “cue”’ lighting changes. 
The stage manager controls the ‘Master 
Station” and the lighting operator has a 
“Slave Station’. Both stations have a red and 
green |.e.d. and a pushswitch and are linked 
by three-core cable. 

Communication is initiated when the stage 
manager presses the “Call”? or “Master” 
pushswitch S2. The red l.e.d.s on both units 
flash, warning the lighting operator that a 
lighting change is pending. This “Standby”’ 
call must be acknowledged — the operator 
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presses the “Slave” pushswitch S3, and the 
red l.e.d.s become steady. . 

An unacknowledged call may be cancelled 
by a further press on the “Call” switch. When 
the lighting change is required, the stage 
manager presses the “Call” switch again. 
Both red l.e.d.s extinguish and the green 
l.e.d.s light to give a “Go”’ cue. 

To reset the system ready for further cues, 
the “Slave” switch is pressed; however, a 
timer has been incorporated to perform the 
reset approximately three seconds after the 
“Go cue”’ has been issued. 

The main circuit is, essentially, a state 
machine; each state is determined by the two 
JK flip-flops within IC1. Table 1 explains 


CP, CD, 


CD, SD, Veg. SDg 





Fig.1. Circuit diagram for a Theatrical Cue Light. 





rai 






aay fit! 
MS | 
% 2 




















WIN A PICO PC BASED 


OSCILLOSCOPE 


@ 50MSPS Dual Channel Storage Oscilloscope 
@ 25MHz Spectrum Analyser 

@ Multimeter @ Frequency Meter 

@ Signal Generator 

If you have a novel circuit idea which would be 
of use to other readers then a Pico Technology 
PC based oscilloscope could be yours. 

Every six months, Pico Technology will be 
awarding an ADC200-50 digital storage 
oscilloscope for the best IU submission. In 
addition, two single channel ADC-40s will be 
presented to the runners-up. 





each state; the order shown depicts normal 
use with alternate presses of the Master (S2) 
and Slave (S3) switches. If the Master switch 
is pressed during state 2, the system will 
return to state 1. 

Flip-flops [Cla and IC1b are clocked by 
the Master and Slave Station switches respec- 
tively. The former is debounced by capacitor 
C2 and resistors R4 and RS. The Slave switch 
S3 simply shorts the ‘B’ and ‘C’ interconnec- 
tions; when closed, transistor TR1 will con- 
duct providing a high clock pulse for IC1b. 
Capacitor Cl removes unwanted spikes when 
the red l.e.d.s are flashing. 

The flip-flops are connected so that their 
state preceding a clock pulse depends upon 
the state of their partner. When IC1b is reset, 
ICla works in toggle mode, changing state 
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with every clock pulse. When [Clb is set, 
ICla will reset when clocked. IC1b is config- 
ured to act as a D-type flip-flop, adopting the 
state of [Cla after a clock pulse. 

The timer circuit is based around the reset 
pin of [Clb (pin 12). When the green l.e.d.s 
light, the inverted output of [Cla (pin 2) will 
go high, and capacitor C3 charges via resis- 
tors R6 and R7. After about three seconds 
IC1b will reset, so the system reverts to state 
1. Diode D1 ensures a speedy discharge path 
for C3, as soon as the inverted output [Cla 
goes low. 

The l.e.d.s are driven by the dual timer IC2. 
Which l|.e.d. is lit depends on which of [C2’s 
outputs is high. When they are both low, 
neither |.e.d. is lit. [C2b is connected in an 
astable mode which flashes the red l.e.d.s. 
The reset input (pin 10) is connected to the 
output of [Cla which when low, forces the 
timer’s output low. With a high output from 
IC1b, transistor TR2 will prevent capacitor 
C4 from charging, which inhibits IC2b. This 
will result in a steady +9V output. 

The other half of [C2 provides a push-pull 
drive, with the addition of a logic function. 
The output (pin 5) is at OV at all times except 
when the reset (pin 4) is high and the trigger 
and threshold inputs (pins 2 and 6) are low; 
i.e. during state 4. 

Both sets of l.e.d.s are connected in series. 
Each pair of |.e.d.s could be replaced with a 
single bi-coloured l|.e.d. and the circuit can be 
powered by a 9V PP3 type battery. 

Steve Teal, 
Witney, Oxon. 





Morse Practice 
Oscillator — 
Get Ixeyeadl Wyp 


LTHOUGH there is a vast amount of Morse 

tutoring software available, a small Morse 
Practice Oscillator is handy for occasions 
where a little spare time is on hand, and the 
circuit of Fig.2 was produced for a simple 
battery-operated device to assist with Morse 
practice sessions. 

The oscillator, centred around IC1, is a 
phase-shift type, the frequency of which is 
determined by components Cl, C2, R4 and 
R6. (The equation to determine the actual 
frequency is f=1/27TRC.) A split supply is 
produced by the voltage divider resistors 
R1 and R2 and is decoupled by capacitor 
C3. To make the output a sinewave the gain 
of 1Cla has to be kept at around x3 and this 
is accomplished by the feedback resistors 
R3 and RS. 

As the circuit was to be powered by a bat- 
tery and also drive a loudspeaker, a way to 
minimise the current consumption was 
needed and the output stage centred around 
IC1b was the result. Transistors TR1 and 
TR2 are a complementary pair which has no 
base bias; therefore when the key is not 
pressed the stage consumes practically no 
current. 

Usually, operating a complementary pair 
in this way would produce severe crossover 
distortion but as the output is fed back to 
1C1b inverting input, the heavy negative 
feedback here almost completely eliminates 
distortion. None of the device types are 
critical and those shown could be readily 
substituted. 

Stephen Forsyth, 
Garmouth, 
Morayshire. 
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Fig.3. Circuit diagram for the Keypad Code Controller. 


HE circuit diagram shown in Fig.3 pro- 

vides a CMOS active high signal at the 
output following the correct entry of a four 
digit code on a standard 10-digit keypad. It 
may be used to control many different circuits 
and devices. 

Assuming that pushswitches S1 to S4 are 
wired for a code of 1234 for example, the cir- 
cuit functions as follows: upon the press of 
“1” the first flip-flop in IC1 is set and its QO 


output (pin 2) goes high. Consequently this. 


sends one input of IC3a high together with 
one input of ICSa, wired as a 4-input AND 
gate. 


When switch-pad 2 is pressed, the second » 


input of IC3a is brought high, generating a 
high output and setting the second flip-flop of 
IC1. This brings the second input of 1CSa 
high and one input of IC3c. When pad 3 is 
pressed , pin 9 of IC3c goes high thus setting 


the third flip-flop of IC1. Output Q2 goes 
high, which brings the third input of IC5 and 
one input of IC4a high. 

Finally, when pad 4 is pressed this brings 
the second input of IC4a high, setting Q3 of 
IC1, and bringing the last input to 1C5 high. 
This causes the circuit output to go high at 
ICSc pin 10, which can -be used to control 
external circuitry. 

The circuit is protected from incorrect key- 
presses because all unused keys (represented 
by S5) are tied to the Reset inputs of all the 
flip-flops. Also, in the example, if 4 is pressed 
instead of 3, this brings the second input of 
IC4b high, hence its output goes high. All 
flip-flops will then reset. All other incorrect 
keypresses will reset the circuit in the same 
way. 

Damien Maguire, 
Greystones, Ireland. 
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Fig.2. Morse Practice Oscillator circuit diagram. 


Everyday Practical Electronics/ETI, September 1999 


669 


Intercom/Baby Listener - aby Talllk 
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Tx simple Intercom/Baby Listener circuit design shown in Fig.4 is 
based around the LM380. The intercom delivers good tone, and 
around 500m W (!/,W) of power. It functions best when one speaks direct- 
ly into the loudspeaker, but will reproduce sounds. a few metres away. 

Pushbutton switch S2 switches the intercom from “Listen” to 
“Talk” mode by reversing the positive connections of the loudspeak- 
ers. Therefore, the intercom is normally in listening mode and may be 
used as a “Baby Listener”’. 

Only a twin-core cable is required to connect the “remote station”’, 
LS2. The transformer T1 provides impedance matching between the 
loudspeakers and the amplifier. (A small mains transformer was used 
as audio transformers were hard to come by locally). The intercom 
draws around 10mA current on standby, and should, with a 9V PP9 
battery, give more than a fortnight’s continuous service, alternatively 
rechargeable batteries could be utilised. 

Rev. Thomas Scarborough, 
Fresnaye, Cape Town, Republic of South Africa. 
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TV Test Pattern Generator -— 
Colour Banas 


f . \staiets solution to testing colour TVs and monitors without 
aving to resort to expensive kits or custom i.c.s is shown in cir- 
cuit diagram Fig.5. It should satisfy the majority of repair and align- 
ment tasks. The circuit consists of a sync generator, [IC1, followed by 
buffer amplifier transistors TR2 to TR4 and a colour encoder IC2. 

A teletext timing chain i.c. (IC1) is used as a sync generator and is 
driven by a 6MHz master clock source from oscillator TR1. IC1 pro- 
duces several outputs, including composite sync from pin 5 and field 
rate signals from pins 19 to 23, which are used for the test patterns. 

Unfortunately, these field rate signals mean that the bars are hori- 
zontal instead of vertical, but provided one remembers to trigger the 
oscilloscope at field rate instead of line rate, no problems should occur. 
Transistor TRS is a logic inverter which is used to send pins 19 to 23 
into a high impedance state during blanking, and for slightly longer 
because of the teletext border. Switch S2 is the pattern selector. 

The buffer amplifiers TR2 to TR4 match the high impedance outputs of 
IC1 with the low impedance input requirements of IC2, and they also 
reduce the 5V logic level outputs to standard 1V peak-to-peak video lev- 
els. Presets VR1 to VR3 can be adjusted with an oscilloscope for 1V p-p 
at their outputs, or by using a TV or monitor for correct colours. 

Crystal X2 is the colour subcarrier oscillator reference which can be 
fine-tuned via timer capacitor VC1 to obtain colour lock on the TV or 
monitor. The usual 4-433MHz bandpass filter and luminance delay line 
were omitted to conserve space. The CVBS signal is output from pin 20 
of IC2 and fed to the monitor via the video output or to a modulator such 
as the UM1233 via VR4, which is adjusted for correct contrast on the TV. 

If constructing the circuit on stripboard, since the circuit operates at 
r.f. frequencies, join all unused tracks to ground and no problems 
should be found. An unregulated p.s.u. of 9V to 12V d.c. at 10OOmA 
can be used as a power source. The CXA1145P used for [C2 is avail- ee ne 


able from CPC in Preston. 
Lee Archer, Ashton-in-Makerfield, Wigan. 
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Fig.5. TV Test Pattern Generator circuit diagram. 
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Hewlett Packard 3785A — Jitter Generator + RECOIVEL................ccceccecenessceseessessseessscesaneneesceeseeseeeees £1250 
8 c; AV ANS WAY Hewlett Packard 37900D — Signalling Test Set (No. 7 and ISDN) ............csccceeseesssscsseseeseesenseenaees £4250 
3 Hewlett Packard P382A — Variable Attenuator .......c.cccscccssssscssscssssssssssssssssssssssssssessssssesssstssscesnesteensnves £250 
BINLEY INDU STR IAL Hewlett Packard 4192A — LF Impedance AmalySer ......-..vv.sscssssssssssssssssssessesssssvvvsavisvssisovevesennananeee £6500 
Hewlett Packard 4262A — Digita PR MORI osc tdag ccc vdvenessoduaveaceside luspbassacausbniesssser4stivccasosancyesk abd Opies £950 
EST ATE Hewlett Packard 4342A — ‘Q' Meter ............. MiveitsilbsobsdvdivocsenunssbavebedbibvecsAastetiisluvasanoneesegecnsiessstanengsensnede £600 
s Hewlett Packard 435A or B Power Meter (With 8481A/8484A) .........csececssctseersseeeeereeseeeenes from £400 
Hewlett Packard 436A and 437B — Power Meter and Senso ............:cccccccesescessecseteeetseeeeeenees from £900 
COVENTRY CV3 2SF Hewlett Packard 4948A — (TIMS) Transmission Impairment M/Set ........csccseeneeossssveveee £1000 
Hodes ego aaa "a Lan hin ew RopibibeccissiaenpéeSsbevarsecsuvsdvayahateioet vomit rireel tambo A = 
“ wiett Pac ie WU MNITOIITY BUONO CIRE |. 050s accsbivkesveccsccsbscepssbocarsnecidl jaseedhoascecheccarseabesonssecosiobe 

Tel ® 01 203 65 0702 H nde eprntbe eaten - (NEW) 100 ever tee Fey sotiddvesbeiseeteatesansessnefbssetnshecaisevcanes coseonenes — 

wiett Packar - SEINE COMI ION icc asdaceivassocssanesognsacosdeasenscoaninasenyscqedie 
Fax : 01 203 650773 Hewlett Packard 5316A — Universal Counter (IEEE) ............cccssvsssssssssvssessssssssvsveesssessssseeesessssssseeeesenss £400 
E | : e Heda ae rape aioe - ys High etd oy SOOM eager gions tare eats +++++ £600 
= wiett Packar: — Microwave Frequency Counter z- 2) ORNS Te Sis eennsdsnide sient £800 
Mobi le * 0860 400683 Hewlett Packard 5359A — High Resolution Time Synthesiser ...............:scscseeeseneeseeneereseeneeneeeesaeees £2950 
Hewlett Packard 5370B — Universal Timer/Counter .0.......0...ccccceeessssneesecessceseecaeeeeeeseeeceeeeeeeneeeeeees £2000 
(Premises situated close to Eastern-by-pass in Coventry with easy access —_—_ Hewlett Packard 5384A — 225MHz Frequency Counter «....sscssssscsssssssecsessssnsscsorosessssesusssnsnseenesssesee £500 
to M1, M6, M40, M42, M45 and M69) Hewlett Packard 5385A ~— Frequency Counter — 1GHz — (HP1B) with OPTS 001/003/004/005 ........ £750 
Hewlett Packard 6033A — Power Supply are COV — BOB isi nee eneectbdeheccensncorssventbssoscal £750 

Hewlett Packard 6253A — Power Supply 20V — 3A TWIN o.oo... cccsecsecsssessesssssseseeseeseaeseeseasenserssaseaseassees 


£200 
OSCILLOSCOPES Hewlett Packard 6255A — Power Supply 40V — 1°5A TWIN .........cccccccsescesessesessesecsesecnsseeessesesneeneneanences £200 
octamer GORD «SOM: — Dus CRAIG 5 sir ii5. oe seeceiscsecisioceccceclonoesescconrscsciuvdce¥esdeuscccneeetrcendatoedlbuseesecs £150 HEWLETT PACKARD 6261B 
Gould OS 245A/250/255/300/3000/3351/4000 ........:ccssecesssessereseresscseessnseseressssusosesscsecersssesesnanes from £125 Power Supply 20V -- 50A £350 Discount for Quantities 





Hewlett Packard 180A/180C/181A/182C .........ccccccssrsscscscsccscssscscscccssesssccssecccssvscnscssccssonsssconceses from £150 

Hewlett Packard 1740A, 1741A, 1744A, 100MHz Dual Channel .............:c:secsccessssessesesesesseeeees from £300 Hewlett Packard 6264B — Power Supply (0-20V, 0-25A) ..........csecscsssseqeesesessssesessesessestsnesesseerseecesenees £300 
Hewlett Packard 54100D — 1GHz Digitizing .............:cc:ccssesssssesessesseseesesstsecsesscsessessesscsscaeseencencevenecees £1250 Hewlett Packard 6266B — Power Supply 40V — 5A ..........cccsesssseeseesessessesneseenesssssntersenssnsntententenseesenees £220 
Hewlett Packard 54200A — 50MHZ Digitizing..............sc:csecsssssessesssessessesssessessusssessecsseesecssecesceneecaceeeess £500 Hewlett Packard 6271B — Power Supply 60V — 3A ..........csccsssssessessessessesseessssssssssssssetsnssnreneesnsesssees £225 
Hewlett Packard 54201A — 300MHz Digitizing sShacaaparamvoncecai gral cdne ties veninetliat eto dedalsea ative £1250 Hewlett Packard 6624A — Quad Power aupely si tatiies auechoieiesspicvonpgiisanvas encrecuremomeccseascistlaesaiocb oad £2000 
Hewlett Packard 54512B — 300MHz — 1 GS/s 4-Channnel ...........ccssessesessessessessessecssessesussucsarsasscavacees £2250 Hewlett Packard 6632A — Power Supply (2O0V — SA) ........csccsssessessesseessenesnnesesnessnenesssansensoneanseneecnsnnens £800 
Hewlett Packard 54501A — 100MHz — 100 Ms/s 4-Channel ............cccccccccesccosscesseescesseesceesecssenscenseess £1250 Hewlett Packard 6652A — 20V — 25A System P.S.U. oo... ecccceecsceseeceesetesesssssesstesseeeesseseeseesenssenes £750 
Hitachi V152F/V302B/V302F/V353F/V550B/V65OF ...................cccccccccccseceececscceesececeeseceseeececeeses from £105 Hewlett Packard 7475A — 6 Pen Plotter .............::cccccccecsscessccssseessesecessseescsecscecsssecsacenseecesseenseeeseceeesens £250 
Steins VEAEOF . SOM Diial Chatrnrie! ...;....22:cccccccceccccosososcessceccoccoucvnddcocoovshevaceoooevbfijredusveevacepcisduovisens £200 Hewlett Packard 7550A — 8 Pen Plotter ..............ssssecesssssessesereeesnenseneeneensenessenecssneanesneseeneensenscanenanas £350 
Plaats VT TODA = 1OOMMHIE A-CHO ......0.00cce-cnscnscuscessenssessntessucensonseqasstZorteconl ovtaiowsatraatictenessuectoaathods £900 Hewlett Packard 778D — Coax Dual Directional Couple .............cssscsesrssneensensenesseennsneesnsneesnsaneneeenes £600 
Intron 2020 — 20MHz Digital Storage (NEW) ...........:.ssssssssssssssessessesnessssseesssneenecsesatsasesecsosenecseseacenecees £450 Hewlett Packard 8015A — S5OMHZz Pulse Generator ...............sccsssccsesseeesnsnsesseneeneenesieneaneenceseneenennnees £500 
Papin Sen POUIET ON DOMMIAE, oi. cn soccesdcasasscdisossnsscesscephensyodliencvossashessuvsyiesoardivdeopeeroossedooet from £125 Hewlett Packard 8165A — SOMHz Programmable Signal SOUICE ..............ssssesessessesrsseseensensteeseens £1250 
Meguro — MSO 1270A — 20 MHz Digital Storage (NEW) ........ccsessesssesesssesesenssestsnessseensnsatesasensarees £450 Hewlett Packard 8180A — Data Gemerator 0.0... cece eccteeseeseetseecseeeeeneesssecsenseneeeeeeaeesesecceseeeenenes £1500 
Lecroy 9304 AM — 200MHz — 100 Ms/s 4-Channnel ...........ccscseeseseseeesteneseneneees lancer acciablndecceiestsices £3000 Hewlett Packard 8182A — Data Analyser ................-.0++0 pessensetabenssdsndproassnenonvecnvaparesedusasnscabeesetee £1500 
Lecroy 9450A — 300MH2z/400 Ms/s D.S.O. 2-Chantnel ..........ccsecsessessessessessessessecsecasesecsnssusaseeneesvesesees £2250 Hewlett Packard 8350B — Sweep Oscillator Mainframe (various plug-in options available) ............ £2500 
Philips PM 3055 — 50MHz Dual Timebase ................s.-sccsssecsssssssesesssseesssneareneeseseencenesneaeseenseaseateneesenes £450 Hewlett Packard 83554A — Wave Source Module 26°5 t0 40GHZ ...........sccsseecsesseeseseesesnesesteneeneanes £3500 
Philips PM 3211/PM 3212/PM 3214/PM 3217/PM 3234/PM 3240/PM 3243/ Hewlett Packard 83555A — Millimeter — Wave Source Module 33-50GHZ .............:ccscesessesceseeseeneeees £4250 
PM 3244/PM 3261/PM 3262/PM 3263/PM 3540 ou... ccccccsesessseessssesenenesensacsensasseeseaeeees from £125 Hewlett Packard 8405A — Vector Voltmeter ................csssescsseseseeneecsssssetcnsstensneaensnsanssnensasenenessseesaees £350 
Philips PM 3295A — 400MHz Dual Channel .............:ss.sscssscssssesesnssssecsessussessucsncancensenseneessesucsneencesees £1600 Hewlett Packard 8620C — Sweep Oscillator Mainframe ............-.....cccccseeseeseseeneeneceneentenseeneeees from £250 
Philips PM 3335 — 50MHz/20 Ms/s D.S.O. 2-Chaninel ...........::-scsssssssseeseessessssssssseenssseeeessssnssssssssnesesses £950 Hewlett Packard 8640B — Signal Generator (512MHz + 1024MHZ) ...........-.srsssweererernsssee -...from £850 
Toktrosic 466 = SOMHz Otsal. Channel ..ics.sissessinssereisassecissssansesstanccanssedasanenestainbafooniopsabsaghedaltadeppeesssee £200 Hewlett Packard 8642A ~ Signal Generator (0-01 to 1050MHz) High Performance Synthesiser ....£6500 
Tektronix 464/466 — 100MHz Analogue Storage .......c.ccccssesssssssessesessessesessessscsressesesarseteavevaneves from £300 Hewlett Packard 8656A — Synthesised Signal Generator (Q90MHZ) ...............cesscseesessesestsnneneenenntens £850 
Tektronix 465/465B — 100MHz Dual Channel .............:scssssssssessssecssueessnseesnseessneccsnseesnnecennneeeesnes from £300 Hewlett Packard 8656B — Synthesised Signal Generator ...............-rs.ecessecsseessneecnnnessanenneeneenecs £1450 
Vintcdpeieainn 406 DM DGD. 55. sets coh tctbesi:s2ocsissnelosbisbcbeoncessnncnscsonnedyoenaesvgsigitnesinvsbodestenstsbebonyeenie £500 Hewlett Packard 8657A — Signal Generator (100KHZ-1040MHZ) .............-.-seressssseessnereensnneensanesenes £1900 
Tektronix TAS 475 — 100MHz — 4-Channnel .............ssccssccssscssssscsscscnseccssccsnsccenseccsssecesueesenseessaneeneessees £995 Hewlett Packard 8660D ~ Synthesised Signal Generator (10KHZ-2600MHZ) ..............se-ssseeseessseeree £3250 
Tektronix 475/475A — 200MH2/250MHz Dual Channel ............cccccccccccecsscessecessecessecesceesscecececeees from £400 Hewlett Packard 8750A — Storage Normaliser ..0.......... ccc cee cesssensecsseseresessnnceseseeuseanseesseenseseeneeses £295 
Tektronix 485 — 350MHz — 2-Channel .........ccsccsessesssesecesssesessnsevennseess RAD CLEC TY Se Se RIG £750 Hewlett Packard 8756A — Scalar Network AmalySer ............cs:esssssessseseesesnnsneerecnnennsnssensansaneenseanensess £1500 
Tektronix 2211 — Digital Storage — 5OMHZ .............ssecsssessecsssessseesseessessussessecsueesssessavessuseesueeneeneeseees £800 Hewlett Packard 8757A — Scalar Network Analyser .........-.-sss-sssssssssssssniressnesee cessanesennnsennnecccnnesennsey £2250 
Tektronix 2213 — GOMHz Dual Channel .........c.ccccccccscsccsscscssccsscussscacsusssssesussesscsussssassassuccussvsansnvavseecsees £350 Hewlett Packard 8901A — Modulation Analyser............sssscsssessessessesesnssserenesscansnesneansasersnssncsnsaeens £1000 
POA PIES = DORN Del TROD ...nn5scainesonccorcnneconvscsnscectnssenqucipeogonvacsonssecsabicadsbpconsshtieghepaedbite epee £375 Hewlett Packard 8901B — Modulation Analyser ..............--sssssssessssesssnneessseecsuneesnnecssnneensnnesannsnnneess £2000 
Tektronix 2220 — GOMHz Dual Channel D.S.O. .........sssssesssssessseessssecssneessnsecsnscsssuscssnseessneecssnsesessueessnees £950 Hewlett Packard 8903E ~ Distortion Analyset.............-csm.-ssssessssssssesssnnserssnnesceansnsrssnnsccennnnecnrnnennesins £1600 
Tektronix 2221 — 60MHz Digital Storage 2-Channel .............cscsessesseessessesssessesssessessecssecsesceseaseesseeseesees £950 Hewlett Packard 8903B — Distortion Analyser (Mint) ............:.ccsssesssesnesnssntessesnsenseneenesneensonennesneenees £1500 
Fateiratix: 2028 — GORA z Cusal Chenin ..s:..ciessssenvesssessapsovesensonsdecoonesnanisntncsebasebupunitoeesensevoseinstinbesas £350 Hewlett Packard 8920A — R/F Comms Test Set ........-..0soeessreccssrsesessscneessnesseessnecsnteanesnsnssnatsnsssneesess £2500 
Tarr RI ie MEM AM I ce Gan casas cz oh cg sdois sco vtnéonedSoicssvnaoscossvedesinsechelenilodénbesii pchuventarc £600 Hewlett Packard 8922B/G/H — Raadio Comms Test Sets (G.S.M.) 0.0.0... scceseeeeeeneeeseseaeeeees from £8000 
Tektronix 2335 — Dual Trace 100MHz (portable) TES RARE LS ACA OE ESET REE OR £600 Hewlett Packard 8958A — Cellular Radio Interface ...............-ssseesessssessesssssesssnecsanenssnneessnneessnesensanss £1000 
Tektronix 2440 — 300MHz/500 Ms/s D.S.O. 2-Channnel ..........scccssesssesssecssesssnesssnecsnecsssecssnecannseeneesees £2500 Keytek MZ-15/EC — Minizap 15kV Hand-Held ESD Simulator ...............-sse-sssescsseessnesssnsssnsesnsnsenreesees £1750 
Tektronix 2445 — 150MHz — 4-Channel + DMM .........ccsccccccsessecessscssesscssessessesvessessessecsecsessecsersseesseeeeees £900 Krohn-Hite 2200 — Lin/Log Sweep Generator .............ccseseesesesseesesessneeneenenceseeseneneenesnnensaneateneenensans £995 
SE BA > SOONERS ~ A-GATIION  ..casscSesncossnoctinneconsesusonssysesnnvansnapshiicsbaapboabaitgnansaagnvenaiooas ose £900 Krolr-Hite 4024A — OSCHMAIOS 0.41.2... cseesecsisrrensenserecnsensenssasevecnncsscosssssonsensenscnsenecoecssssnconsonsenssnsenessseonses £250 
Tektronix 2476B — 400MHz — 4-Channnel ..........ccccccsescessesssscssesessesscsvesessesssscsessessececsussessssessceseseenees £6500 Krohn-Hite 5200 — Sweep, Function Generator .............sssccssseessessssnssessesscsnesesessesseenssusacssssnsesaeeeees £350 
Tektronix 5403 — GOMHz — 2 oF 4-Channel .............ccccsscsssssesssssssessessesseessesetescstscecarscecseseeseasenes from £150 KPGR SPRUE Si — FUNROS WAREOE os ecosseinscensscecnsessoensoconsegeccacavepsonsotonsccoseecosesecsacsonesescsevascedenepabeverusoens £250 
Tektronix 7313, 7603, 7623, 7633 — 100MHz 4-Channel ............:ccccscscescecssssesseecscsscessersesansensces from £225 Leader LDM-170 — Distortion Meter ............s.+.s-cscsecsssecssesesseenesees niakesies eorobngannnanhdipnine setannent cee eoatedl £350 

Tektronix 7704 — 250MHz 4-Chaninel ............sssccsescsasecsescssscssessssscsssesssesessensscsssecssnscsanscenceneegenses from £350 Leader 3216 — Signal Generator (100kHz-140kHz) AM/FM/CW with built-in FM stereo 
FR OE ck din ssn tien spuctsvornssieshesedagoadi geasonasonsassbioseiusernoibaphien oer sbnbamaneliee ts from £400 MOMulAatOr (MIN)......-.s.eeesceesereeseesenereenseceneses janveoyossnvonansedesdianecesedanonessoseoesqusyptensvesseronstaciyereetayegdethted £995 
Fri CB-10E2 < DORE — Durell Cliath. issinssscsescsscscolascsdnseptovelacnsysnanonovsbeasecenanepesasrsdnsinbeigeebecscopenssdsed £125 Marconi 1066B — Demultiplexer and Frame Alignment Monitor (MEW) ...........-sssssesseesssseseesssnerseneeens £POA 
Other scopes available too Marconi 2019 — 80kHz-1040MHz Synthesised <— SU VOOIOINE frisd caancedsaissoavnndeniveadiogsstamapaesssahasedil £750 
Marconi 2019A — 80kHz-1040MHz Synthesised Signal Generator ..............cccceesseeeeseseeeeeaseeceeeenes £1000 
Marcont 2111. — URF Symthesiser (M@W).....:.....ccscccsssrsssscsssssssssscssscssscecsssscnserecssonccnscsenssssesevenscossenesess £POA 
Marconi 2185 — 1-5GHz iy talaga PUIAIIIER SIO) ince sissdnsinen cctncasentsnpsancstnatosndreendgepo ibetiied £POA 
Marconi 2305 — Modulation Meter ...............ccccccccssscsceesececssssecensccessnccecuecsccecseteceencecsensceesnaeecesereecenes £1750 
Marconi 2337A — Automatic Distortion Meter ............0....ccccccccecsecssseccessescescecceenseecesscaceesuseenseseesusesrenees £150 
Prati oar - ne ne bey plead see Sr vata I ogaahesquecbaaiesaceda inte paotedsswas heness vaacsenasetdabeeessbaide thasteo TCE £700 
arcon - Va’ NTIS PAPI MOM scacncneevvscccascopsccssvnceccnccepeinccossocdocensncescdtooesocendhssheossuapcebiocegasdapede £500 
ea eae a ee ANALYSERS meal ey doh a anil Test peta Es Beep PR ROMER AE oie ee 

rcon - owee enerator — Programmable — new (2- ET ius ccecsdceponsats sasgububcbbocathestehabel 

Ando AC6211 — Spectrum Analyser 1°7GHZ ................:cveslersstesaisejecvesroscstecctvepegectopesncevacseedenesegsnces £1995 Marconi 6950/6960 — Power Meter & on i isouaelpiomnte gee Sag PAR NL from £500 
Anritsu MS62B — 10KHZ-170OMHZ ......................cccccccsssssveccssssccccccccseccccesssscecsccssesececececsccosereaeeserecees £1995 Marconi 6960 — Power Meter & S@NSOF ................ccccccsceccsccecsccescessececceseceececsrsrerseseeseresceuseees weet from £950 
Anritsu MS3401A +MS3401B — (10HZ-30MHZ) .........:.cecsesecesseneeneereneeneteseenesnsneeneenenesees £3500 + £3995 Saree BEI AE POMOE BIRIOE 5, cacsisisscesesteseseccinsndsesecssenecssecostadecssonqeengeeshopsosvenieoscoaidoeneivasepbegadensssieeed £250 
Rrateats RBG ISS — TOKE SOME — (MIN) ........00...ssereesernserspooorecosenevoped sedsoacadernssesssiinrsbbndesstebpeavenspseds £4500 Philips PM5167 MHz Function Generator ..........cccccccccssessessessecssessessessessecsusssessssvessesrsssneneeneaneenennutseases £400 
Anritsu MS710F — 100KHZ-23GHz Spectrum Analyser .........sssesssesseceeeeseenseneensenesnseneenneasscenenenens £5500 Philips 5190 — L.F. Synthesiser (G.P.I.B.) ......cc.ccccccsssssscsscsesssssscsesssseesscsecsrsessuesessesecseseesesssssesveseeaneesees £800 
Avcom PSA65S — 1000MHz — portable tteseseeeesceceascessseceseceesenersccesscecuenssenseussseusscnecssenessnessensesssasnaeesans £850 Philips 5518 — Synthesised PRRIOTIE CABTIITRLON 5 o5isccscccsscoccccccesscvsapnetacosscansonscccsseccacassortcacanoceastepaabaats £1500 
Hameg 8028/8038 — Spectrum Analyser/T gio Ree + 100MHZ OSCIIOSCOPE...........eseeseerereseeeeees £1000 Philips PM5519 — TV Pattern Generator .........c.ccccccscssssessessessssesscssesnesusssesessessevesees ihdcsidhssincvedinneb OW £350 
Hewlett Packard 182R with 8559A (10MHZ-21GHZ) ...........ssscssessessssesseenseseenceseenessccnssneeneenssneensneees £2750 Philips PM5716 — 50MHz Pulse Generator ..........cccscccsssesssessessessessessesssessessesvesursvssrtsvenenssesvcsvesuenreneses £525 
Hewlett Packard 182T + 8558B — 0:1 to 1SOOMHZ ..........s.sssssssesssssssesseesnsssnsnssessnsnnveseeseessssnnnesesesiness £1250 Prema 4000 — 6% Digit Multimeter (NEW) ...........ssccccssssssssccsssssssessecccsssssseessovesssesersoscovsseccescesesesevecceses £350 
Hewlett Packard 853A + SSB — 0-1 to 1SOOMHZ ..............sossesseeesusessssesssesssesnnvensursesnecsnaessseesssncense £2250 Quartzlock 2A — Off-Air Frequency Standard .........cccscssscsssvsssscssesssvsssesssesssssssssssrsasssosvessnsessssvesieesavaves £200 
Hewlett Packard 3562A Dual Channel Dynamic Sig. Analyser ............:ssseceseseeneeeeennententeneneeeneees £5750 Racal 1992 — 1-3GHz Frequency Counter ...........:c:sscscsssssssssessessescsessecsessessesscsesarencensecsusessnesacenseveseees £700 
Hewlett Packard 3580A — 5HZ-50KHZ .00.0..........ccccccccessessssecesscsetecesegesnecsecseceesnesceuceseeraceeeceeecanesesenaasecs £800 Racal 6111/6151 — GSM Radio Comms Test Set ...ccccccccccscosecesssssesescssssesssscscsssescesesvsesestessevseavevsussacee £POA 
Hewlett Packard 3582A — 0-02Hz-25-6kHz (Dual Channel) ...............cccccececsecsssceenecesereeseesssseeeeceeese £2000 Racal Dana 9081/9082 — Synthesised Signal Generator 520MHZ............cccsccssessessecssessseseeeeevees from £400 
Hewlett Packard 3585A — 20HZ-40MBZ ..............cccccccccccccceccccccceseescceneccesececseseueacecavacsseeseeereneeeeesesene £4000 Racal Dana 9084 — Synthesised Signal enerator 104MHZ.ooeccocovcecccccccccececececeeecccecceecesececee £450 
Hewlett Packard 8569B — (0-01 to 22GHZ) ........c.scssecsecssssssessesscsessesscsssessssessessenuesessesneancancaneaveneeneens £4250 Fikcad GONtR: — Trisk FANG FUE GAUVORIOtET een etes 300 
Hewlett Packard 85046A — ‘S’ Parameter Test Set ...........cccccccccssceseeesesseeeenecsneeecceneeneesussneeesensnees £2500 Racal Dana 9302A — R/F Multivoltmeter (new version) MEPOETSLIN RIN AMAR CHEAT CS Tole are £375 
Hewlett Packard 8753A — Network Analyser ............:sssssssssssssseessesssseseesnssessseessneessntecessnesssessees from £3000 Racal Dana 9303 — A/F Level Meter & Had ...........ccssssvssssssssssevsvssessvvssercsvssvesvsssevesvssserestsseesriseeseesse, £650 
Hewlett Packard 8753B — Network Analyser ...............ccccccccsscesesecesseeeesseseseeseeceersceeesereacenerees from £4500 Racal Dana 9917 — UHF Frequency Meter 560MHZ ..........cc.cscecsesssecssssssssossesssessssessessesessssssessursesscsvees £175 
BEE. FF st, MOR AT HAZ oss cscsensondoeicayesasinnsentasnssrapesasaenoadehasonecidoncsescehicessbbuecbaibetacdecdract ics coreikesic biawsad £2000 Rohde & Schwarz LFM2 — 60MHz Group Delay Sweep Generator ................:.cccccceeesssscesceceneeseeeeees £950 
Meguro MSA 4901 — 1-300GHZ (AS NEW) ou... cc cecccssesssessesseterseessecseccescenseneseeesceessuceraseesssusaseesses £750 Rohde & Schwarz CMTA 94 — GSM Radio Comms Analyser ..........scsccscsssssssssessssessssesssesssssessueeoveave £6995 
Meguro MBA 4042 — 1-1GHZ (AS NEW) .....uissscccaccosssccepigescvniiecshecosaehaeonsessaccbabievosintlsaerossondeoses¥ouneds £1000 Schaffner NSG 203A — Line Voltage Variation Simulator ............c.cccssscsssesssesssessssessesseessuessreessesneavenes £750 
Rohde & Schwarz — SWOB 5 Polyskop 0°1-130OMHZ ..........:sssssssssssssessessssesssessntsisnnansnnatnonsnnssses £1500 Schaffner NSG 222A — Interference Simulator ..............c..sccessessseeeesenessennsssnsssssssssesssssssssassenseeeee £700 
Takeda Riken 4132 — 1-0GHZ Spectrum Analyses .....1......ceccessecseieersisecescesapressonesensncavvnvsaseesscanabooses £2100 Schaffner NSG 223 — Interference GeMerAatOr ooe.cccccccccecececccecececeseeseseseveseresessceseecsesece £700 
Tektronix 7L18 with mainframe (1-5-60Ghz with external MixXePs) .............cceececeesecesseceeceeeceseeeeneeees £2000 Schlumberger 2720 — 1250MHz Frequency Counter Deh kin Rah Lo 
Tektronix 495P — 100HZ-1-8GHZ programmable ............ccccesscsssesssseeeensecesepeceeeeeereesnesenaceareeseenenees £4500 Schlumberger 4031 - 1GHz Radio Comms Test Set By. ho sinh dacoedivdisbe peal tht ie ibd... 31. <a 
Tektronix 496P — 1kKHz-1-8GHzZ Spectrum Analyser ...........ccccccscecessecsssscesssessseesecsnererssseceesccesscseaseess £4250 Schlumberger Stabilock 4040 — Radio Comms Test Set .........cscccccssssssesssesssesssesssesssessneseavessecevesees £1995 
Schlumberger 7060/7065/7075 — Multimeters ..0...........ccecssssccsenereessensenesscsecsseeeseeaeeessecaesaserees from £350 


Stanford Research DS 340 — 15MHz Synthesised Function (NEW) and Arbitrary 


WOM MINI 25h c Lays cagsinaseb fovskes stan Ghbeduebactsas ons doaighicssonsesscouasestelehsvastocapsavosnckeorseccodesieassabetecd £1200 
MISCELLANEOUS Systron Donner 6030 — Microwave Frequency Counter (26°5GHZ) ...............ccccceseseseeeeseesseaenseeeeees £1995 









Adret 740A — 100kHz-1120MHz Synthesised Signal Generator ..............ecscsessessesseseeseesessessrsneeseeceeees £800 Meret Pant : toe a enecs 7 FMBOS - Occlhoscope Calibrator RR Se PE RE PE pe 
Anritsu MG 3601A Signal Generator 0:1-1040MHZ .0..........cccccssessessscesseestececcesseseeseecsseseceeseneeeeseenees £1250 TERR RPE eee eee eee £1150 
Anritsu ME 462B DF/3 Transmission Analyser .........6....cccccccscesscesseesseessceseresessecenteenscecseseceeseneceetensees £2500 Takerornd 000. tneetaliner ok fk. oa concen 
Anritsu MG 645B Signal Generator 0:05-1050MHZ ..........:sscssssssssssssssssnnsnnsnannnnnnnnnnnnnnsnenenseneeeeeee £750 Tektronix 141A — PAL Test Signal Generator ........sscccccssscssssssssscseceeesesssssssssesveseseseeeceeseessessevnnsnveses £250 
ar Bs Le SII: 5 oii sonpinnigstemngechsongshienscpechip biehinthtannenicieeap ipl canengedbveniicaeioe odd eckiapeyeenes £195 Tektronix AA5001 & TM5006 M/F — Programmable Distortion Analyser ....:.....c.ccccccecsescssesesseeseseees £1995 

OONET SRA Tih FS VONIRORO 5. 5.0.06 ctcs cp tencjesibeddsasahevetngeddsnsoodes veveeinapssce ¥escnaspctrasnapsblagucepsinensess £195 Tektronix TM5003 + AFG 5101 — Arbitrary Function Generator .........c.cccccccccsssccessescsesessssssesrscesseeees £1500 
Dranetz 626 — AC/DC — Multifunction Analyser ......... ci ccc ccsecsssssssessssssssesesesssesescesecesesseeseessenseense £500 Tektronix — Plug-ins — many available such as SC504, SW503, SG502, 
EEF S81 = Frequency COumter tSGHZ oosisssncseissccasepe scaigueos sopdsvoastuegtsdgey anncvaeygagecceoané duoseniaighguedasbonscomeadees £450 PG508, FG504, FG503, TG501, TR503 + many MOFE .......cccceseccesecsesececsesecsesecsesncecsecarssassesesareceees £POA 
EIP 545 — Frequency Counter 18GHZ ...............csscrecrssssssseessssseessssnsenseeneesssensenscsaverssesnsnbecsseenneesesbeeses £1250 Time 9811 — Programmable Resistance .............cccccssscssscesssssssscsssssssessssessesccesscsecssseseescesssecessesecsesessens £400 
EIP 575 — Frequency Counter 18GHZ ............ssessesssessesecnesssesnesnssneenesnesnsennteneeeneeneseneennes sesseeaveneneenes £1450 Tlene 9616 VORRIG COMIN. os insessicsvercasserceodsesinpeovesonsrorsesjaononnqsvoseossenacbecveenseteogsones by cabsabedhiteattacislintl £550 
Batak SHIPS — Pawar SUMO COV-GOV .......sassiniesensessorscosnagoriseasenvsafieogonseenidbdpoonebadiladsiatesseoenctonreapivadsed £350 Valhalla Scientific — 2724 Programmable Resistance Standard ................ccccseccessssesscscesesseeeeseeseeees £POA 
Farnell TSV-70 MKII Power Supply (70V — SA Of 35V — 10A) ......scsssesssessseesssssnessssssnecssecsncesnecsnseesseees £200 Wandel & Goltermann PFJ-8 — Error/Jitter Test Set .............secscsceessecvessesseseeseseeserssessesnessteneeenentees £11500 
Farnell DSG-1 Synthesised Signal Generator .............sssssesssssessssersessessasssessscssescaseseacsessencseseesestseeenes £125 Wandel & Goltermann PCM4 (+ Options) ...........ccccsscsssessessssesessesessesessssessensaesvsavaeusasnenteneens £9950 
Farnell AP 30250A Power Supply 3V — 250A ............ssecseeseseesessessesseeseesnesesnesnsensenteatsnesneneaneenensnenss £1750 Wandel & Goltermann MU30 — Test Point SCAMMER ...........+-ss-ssvssu-sevsssssevrovsvsssitosesvivastnrsterereriesers, £1500 
Feedback PFG 605 Power Function Gemerattr ...........s.cssseseseesesssnsseesnesnensensneensneensneenensencareneeasaceeess £150 WOON HR MU SOIR NIN cn oigs x apsencncncncecsneonseqessuqsceseansoussncccuscon oeashesupsondenscodoyadennecastoesnenssies £600 
Fiance S10GA — Calibrator ............-...----2ccnsesecerneasosssvsseconsenssoennaasvenesenetenteaseasaneceaceseesanesnecnnatadéesacetesese £1950 Wavetek 171 — Synthesised Function Generator .........ccccccccssscsescsescsesnsescscsesseseucsssesssssvsvenesssesssevenssenees £250 
GN ELMI EPR31 PCM Signalling Recorder .... ...£2000 Wavetek 172B — Programmable Signal Source (0-0001HZ-13MHZ) .........:.cccesecsssesessssessenssesesseceeeeers £POA 
Guildline 9152 — T12 Battery Standard Cell .......... eee ++ £550 Wavetek 184 — Sweep Generator — 5MHz £250 
Hewlett Packard 1630D — Logic Analyser (43 Channels) ............c.ccccscesessssesescesescesscessscscrsescecsecseensenas £500 Wavetek 3010 — 1-1GHz Signal Generator ........scsssccsssescsesccsrescsrseesrevecstosesrvescrtveccstesesseesseseeeeeeeneen, £1250 
Hewlett Packard 16500A/B and C - Fitted with 16510A/1651A/161530A/16531A Wiltron 6409 — RF Analysers (1MHzZ-2GHZ) ..........scsccsesecssseesesssssssssvssssvssssvesessesessessecsssesessvesseeeseseses€POA 

— Logic Analyser.............. sevens seeteceeereeseeeeneeeecsevenesensnenuccuacansasessesasessseessensnaneesensaes : ..from £2000 Wiltron 6620S — ems a 8M Sweep Generator (3:6GHZ-6°5GHZ) ...............:cccccscesscesseeseseeecereceees £650 
eee tree : aan , tia pe sees sessenensens aan Wiltron 6747-20 — Gwent Frequency Synthesiser (10MHZ-20GHZ) ............csccsesccsesessesessesessesesacsenseee £3950 
Hewlett Packard 334A — Distortion Analyser og con "8300 Yokogowa 3655 — Analysing ROCOmGEr ................ccsscssssoccsscsssescsscssccessseserssscsssserseseqecscssessenssseseesoess £POA 
Hewlett Packard 3325A — 21MHz Synthesiser/Function Generator .............c:ccccccsccsscessesscesseeseeerseeeees £900 
Hewlett Packard 3335A — Synthesised Signal Generator epreacen MHz) ... ...£2750 
Hewlett eer el erty - Synihesieed Signal ane TONE-21 WOR) icc csciaaccccssiecgossssenccsencones £800 MANY MORE ITEMS AVAILABLE — 
Ww ackar = 6% Digit Multimetes: (AUtOCAN) Ss .ciscclccsciessccgensercStovpeonsacetensccevsssoesdecsecsee £500 

Hewlett Packard 34564 — Di tal Volmeter R Reiarinrss Sean Rigeheate “ape aes oma £600 SEND LARGE SAE FOR LIST OF EQUIPMENT 

ewlett Packard 34 - — 1B Switch Control Unit (various Plug-ins available) .....................006 £550 ALL EQUIPMENT IS USED — 
Hewlett Packard 35600A — Dual Channel Dynamic Signal Analyser ..............:ccccesscesseseceeccescessseeseess £3750 _ 
Hewlett Packard 3586A - Selective Level Mater rita : De ee hee £800 WITH 30 DAYS GUARANTEE. 

ewlett Packar — Microwave Link Analyser .............ccccscseeseeseereeees £1500 
Hewlett Packard 3746A — Selective Measuring Set ............cccccsccecssessesscesceseensesescenseessenteareseeceeeaees £500 PLEASE CHECK FOR AVAILABILITY BEFORE ORDERING — 
Hewlett Packard 3776A — PCM Terminal Test Set ............:ccce:sesessessssssessessesssessesssscsesscavesesesneevesesvees £1000 CARRIAGE & VAT TO BE ADDED TO ALL GOODS 
Hewlett Packard 3779A/3779C — Primary Mux Analyser .............c:ccscccssessecessensessccseteressreaeeceees from £400 
Hewlett Packard 3784A — Digital Transmission Analyser ...............:ccccccssssscesscesseesscenececseseeeeeesscenseees £5000 
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Child Guard 


Quite a few items for the Child Guard project took some running down and cer- 


Roxburgh, who do not run a mail order operation for small orders. We have not 
found a 15V-0V-15V 500mA type replacement, but advertisers should be able to 
offer a suitable alternative rated at around 1A to 2A. Provided it is chassis mount- 
ing, will fit in the case and has “flying” leads or wiring tags for connection to the 
p.c.b., it should do the job. 

The same situation applies to the in-line bridge rectifier. You will probably 
be offered a 1A to 2A at 100V to 200V version. Any of these will work in this 
circuit. 

The printed circuit board is available from the EPE PCB Service, code 242 


tain parts will be hard to find amongst your local suppliers’ stocks. This applies 
particularly to the “semiconductor” devices, and possibly the heat sensors. 

Starting with the 3-pin infra-red receiver chip type PIC26043SM (no, it is not a 
microcontroller), this is available from Farnell (@ 0113 263 6311), code 139-877. 
Interestingly, the model was built using the PIC 12043 but on checking for supplies 
it was found to be obsolete and we were advised of the suggested “substitute”. If 
you have any PIC12043s you can certainly use these. 

In a previous article, the HT12D decoder and HT12B encoder i.c.s were called 
for and we highlighted FML Electronics ( 01677 425840), who bought-in stocks 
especially. They still have stocks and they cost £1.49 each, plus £1 p&p. The 
TSL260 heat sensor came from Electromail (2 01536 204555), code 176-387. 

The “active” buzzer (code 35-0030) and the single in-line (SIL) relay (code 60- 
0650) were both purchased from Rapid (a 01206 751166). The neat little 2-1mm 
power d.c. socket can be purchased, for the inclusive sum of £1, from Harrogate 
Electronic Services, 25 Regent Parade, Harrogate, N. Yorks, HG1 5AZ (& 
01423 564353), quote code DCS21R. They can also supply a matching plug. 

The internal PIR motion detector, with closed relay contacts, caused a small 
problem but you might find your local DIY store can help here. The one with the 
model is a Micromark (MM9466A) type, but they have failed to come back to us 
with a source. CPC of Preston (@ 01772 654455) list a similar one and you could 
contact them for a price and handling charge, quote code SRO0090. 

The printed circuit board is available from the EPE PCB Service, code 241. 


Variable Dual Power Supply 

First sighting of the parts listing for the Variable Dual Power Supply project 
looked fairly straightforward and we were not expecting any supply problems, until 
we started looking-up the preferred wirewound potentiometer. This component 
used to be widely stocked aiid be reasonably priced, not anymore! We found one 
listed by Electromail (code 812-853) for just over £7. So, it may be wise to rethink 
and revert to a carbon or conductive polymer track type for about £1 to £2, even 
though they are rated with a 20% tolerance. 

Just in time to get us out of a fix came the welcome news that Greenweld 
Electronics is to continue trading — see News page 644. They did carry “quality 
surplus” components, including wirewound pots, and it might pay to contact them 
by Fax on 01992 613020 or E-mail: greenweld@aol.com. Other companies you 
could try are: Bull Electrical (@ 01273 203500), J&N Factors (@ 61444 881965) 
and WCN Supplies (@ 917063 226522). 

The mains transformer in the prototype originally came from Cirkit, but this 
company has now been absorbed by the Deltron Group into their subsidiary 









PIC 16F877 Chip — now in stock! 





16C74/16C77, but instant erase and rewrite. 
programmers, PICDESIM and our new C Compiler. 


PIC 16F877 devices, 4MHz, 40-pin DIP device £9.50 


The FED PIC 
C Compiler 


Supports all PIC16Cxx, 12C6xx devices 


Integrated Compiler Environment includes 
FED’s PICDE for simulation and debugging 








£100 CD-ROM, £120 with printed manuals 
http://dspace.dial.pipex.com/robin.abbott/FED 









Forest Electronic Developments 


60 Walkford Road, Christchurch, Dorset, BH23 5QG. 
E-mail — ‘‘robin.abbott@dial.pipex.com’’ 
Web Site —‘‘http://dspace.dial.pipex.com/robin.abbott/FED”’ 


01425-274068 (Voice/Fax) 
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!! New from FED, PIC 16F877 Chips and Support !! 
_PIC Programmers, Development Kit and C Compiler 


Microchip’s latest EEPROM device — 40-pin, 10-bit A/D converters, 
master/slave liC bus, full duplex USART, 8K ROM, 352 bytes file 
registers, 256 bytes internal EEPROM, sii compatible with 

upported by our 


Ring/Write for details or visit our Web Site: 





(see page 700). 
Loop Aerial SW Receiver 


One of the major problems with selecting the components for the Loop Aerial 
SW Receiver project will be the final choice of the tuning capacitor. The price dif- 
ferentials can be quite staggering, ranging from the level of £18 (precision engi- 
neered) down to about £2.50 for the “transistor radio” type. So, it is definitely a 


case of shopping around for the “best buy”. 
Ideally, the tuning capacitor would be a quality 365pF single-gang, aii-spaced, 


Jackson type “O”. Unfortunately, this one tends to be expensive (approx. £18) and 
the solid-dielectric (Dilecon) types, as used in the model, do not fair much better 


at £13.50 approx. 


A low-cost option in this case (if there is one) is to purchase a quality “sur- 
plus” air-spaced item. To this end, you could try contacting the likes of 
Greenweld, Bull Electrical and J&N Factors who sometimes offer these as 
“bargain buys of the month” — see Variable Dual Power Supply section above. 
Any maximum value from 250pF to 500pF will do. Another option is to go for 
a miniature “transistor radio” solid-dielectric type. This will only set you back 
about £2.50. Don't forget to check the mounting arrangement before 


purchase. 


Finally, you will have to purchase a larger than needed piece of stripboard and 


cut it down to size. 


Data Logger-2 


As promised, last month, the latest updated news on the supply of “spe- 
cials” for the Data Logger project is that stocks of the new ’F87x family micro- 
controllers should now be appearing. In fact, an unprogrammed 40-pin 
PIC16F877, 4MHz version is available now from Forest Electronic 
Developments for the sum of £9.50, plus £3 for p&p. Phone 01425 274068 
or check their web site at: http://dspace.dial.pipex.com/robin.abbott/FED 


for more details. 


We also understand Farnell (@ 0713 263 6311) will be receiving supplies 
around mid-August and have quoted us code 300-2690. They also have stocks of 


the 24LC256 serial EEPROM memory chip, code 300-1696. 


The latest news from Magenta Electronics (@ 01283 565435 or 


http://magenta2000.co.uk) is that they are now producing a complete kit, 


inclusive of case, eight 24LC256 EEPROM memory chips and a ready-pro- 
grammed PIC, for the all-in figure of £49.95. The price of £10 for a prepro- 


grammed PIC16F877 quoted last month is correct. 





PIC & AVR Programmers 


PIC Serial — Handles serially programmed PIC devices in a 40-pin multi-width ZIF 
socket. 16C55X, 16C6X, 16C7X, 16C8x, 16F8X, 12C508, 12C509, PIC 14000 etc. 
Aiso In-Circuit programming. Price: £45/kit, £50/built & tested. 

PIC Introductory — Programs 8 & 18-pin devices : 16C505, 16C55X, 16C61, 
16C62X, 16C71, 16C71X, 16C8X, 16F8X, 12C508/9, 12C671/2 etc. £25/kit. 

AVR —- 1200, 2313, 4144, 8515 in ZIF. Price : £40/kit £45 built & tested. 

Scenix — SX18/SX28 in a 40-pin ZIF. Price : £40/kit £45 built & tested. 


Programmers operate on PC serial interface. No hard to handle parallel cable 
swapping! Programmers supplied with instructions, + Windows 3.1/95/98/NT 


software. Upgrade Programmers from our web site! 





AVR, PIC, Scenix — Windows Development 
Assembler/Simulator allows development of your AVR, PIC or Scenix projects in 
one Windows program. \ncorporate multiple files, view help file information 
directly from code, edit within project, build/track errors directly in source, then 
simulate. Many breakpoint types, follow code in source, set breakpoints in source. 
Run, single step, or step over. Logic Analyser Display! 

Input stimuli includes clocks, direct values and serial data. 
Profiler — examine and time frequently called routines use the information to 
optimise out bottle necks. PIC Version Simulates up to 50 times faster than MPSIM! 


Cost £20.00. Specify PICDESIM (includes Scenix) or AVRDESIM version 


PIC BASIC Products — See our web site for details 
16C74 version — 4 & 20MHz 


£30.00 Kit, £35.00 Built & Tested 
(Add £3.00 for 20MHz version) 





Prices are fully inclusive, Add £3.00 for 
P&P and handling to each order. 
Cheques/POs payable to Forest Electronic 
Developments, or phone with credit card 
details. 
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OUR HIGH QUALITY PROJECT KITS ARE High performance surveillance bugs. Room transmitters 
supplied with sensitive electret microphone & battery 
holder/clip. All transmitters can be received on an 
ordinary VHF FM radio. Available in kit form (KT) or 
assembled and tested (AS). 


@ ROOM SURVEILLANCE 


MTX — MINIATURE 

3V TRANSMITTER 

Easy to build & guaranteed 

to transmit 300M@ 3V. Long battery life. 


3-5V operation. Only 45x18mm. 3007KT £4.95 or 
AS3007 £9.95 
@ MRTX — MINIATURE 9V TRANSMITTER 
Our best selling bug. Super sensitive, high power - 500m 
range @ 9V (over ikm with 18V supply and better 
aerial). 45x19mm. 3018KT £5.95 or AS3018 £11.95 

@ HPTX — HIGH POWER 

’ TRANSMITTER 

High performance, 2 stage 
"Gs transmitter gives greater 
stability & higher quality 
reception.1000m range 6-12V d.c. operation.Size 
70x15mm. 3032KT £6.95 or AS3032 £16.95 
@ MMTX - MICRO-MINIATURE 9V TRANSMITTER 
The ultimate bug for its size, performance and price. Just 
15x25mm. 500m range @ 9V. Good stability. 6-18V 
operation. 3015KT £7.95 or AS3051 £13.95 
@ VTX - VOICE ACTIVATED TRANSMITTER 
Operates only when sounds detected. Low standby cur- 
rent. Variable trigger ey: 500m range. Peaking cir- 
cuit supplied for maximum rf. output. On/off switch. 6V 
operation. Only 638x38mm. 3028KT £7.95 or AS3028 
£24. 


95 
@ HARD-WIRED BUG/TWO STATION INTERCOM 
Each station has its own amplifier, speaker and mic. Can 
be set up as either a hard-wired bug or two-station inter- 
com. 10m x 2-core cable supplied. 9V operation. 
3021KT £11.95 (kit form only) 
TRVS —- TAPE RECORDER VOX SWITCH 
Used to automatically operate a tape recorder (not sup- 
plied) via its REMOTE socket when sounds are detect- 
ed. All conversations recorded. Adjustable sensitivity & 
turn-off delay. 115x19mm. 3013KT £6.95 or AS3013 
£18.95 
TELEPHONE SURVEILLANCE 
@ MTTX - MINIATURE TELEPHONE TRANSMITTER 
Attaches anywhere to phone line. Transmits only 
ls when phone is used! Tune-in your 
radio and hear both parties. 
4% 300m range. Uses line as aer- 
if ial & power source. 20x45mm 
.3016KT £4.95 or AS3016 £10.95 
@ TRI - TELEPHONE RECORDING INTERFACE 
Automatically record all conversations. Connects 
between phone line & tape recorder (not supplied). 
Operates recorders with 1.5-12V battery systems. 
Powered from line. 50x33mm. 3033KT £5.95 or AS3033 
£15.95 


@ TPA -TELEPHONE PICK-UP AMPLIFER/ 
WIRELESS PHONE BUG 
Place pick-up coil on the phone line or near phone ear- 
piece and hear both sides of the conversation. 3055KT 
£9.25 or AS3055 £19.95 
@ 1 WATT FM TRANSMITTER. Easy to construct. Delivers 
a Crisp, clear signal. Two-stage circuit. Kit includes micro- 
phone and requires a simple open dipole aerial. Supply: 8- 
30V DC. PCB 42mm x 45mm. 1019-KT £24.95 
@ 4 WATT FM TRANSMITTER. Comprises three RF 
stages and an audio preamplifier stage. Piezoelectric 
microphone supplied or you can use a separate pream- 
plifier circuit. Antenna can be an open dipole or Ground 
Plane. Ideal project for those who wish to get started in 
the fascinating world of FM broadcasting and want a 
good basic circuit to experiment with. Supply: 12-18V 
C. PCB 44mm x 146mm. 1028-KT. £18.95 


4 FACTOR 
PUBLICATIONS 


THE EXPERTS IN RARE & 


UNUSUAL INFORMATION! 

Full details of all X-FACTOR PUBLICATIONS can be 
found in our catalogue. N.B. Minimum order charge for 
reports and plans is £5.00 PLUS normal P&P. 
@ SUPER-EAR LISTENING DEVICE Complete plans to 
build your own parabolic dish microphone. Listen to distant 
voices and sounds through open windows and even walls! 
Made from readily available parts. R002 £3.50 
’ @ TELEPHONE BUG PLANS Build you own micro- 
) .| beetle telephone bug. Suitable for any phone. Transmits 
over 250 metres — more with good receiver. Made from 
wd to obtain, cheap components. R006 £2.50 
@ LOCKS - How they work and how to pick them. 
This fact filled report will teach you more about locks 
and the art of lock picking than many books we have 
seen at 4 times the price. Packed with information and 
illustrations. ROO8 £3.50 
@ RADIO & TV JOKER PLANS 
We show you how to build three different circuits for dis- 
rupting TV picture and sound plus FM radio! May upset 

‘our neighbours & the authorities!! 

ISCRETION REQUIRED. R017 £3.50 
@ INFINITY TRANSMITTER PLANS Complete plans for 
building the famous Infinity Transmitter. Once installed on 
the target phone, device acts like a room bug. Just call the 
target phone & activate the unit to hear all room sounds. 
Great for home/office security! RO19 £3.50 
@® THE ETHER BOX CALL INTERCEPTOR 
PLANS Grabs telephone calls out of thin air! No 
need to wire-in a phone bug. Simply place this 
device near the phone lines to hear the conversa- 


























































































































































































































































SUPPLIED WITH ALL COMPONENTS, PCBs 
& DETAILED INSTRUCTIONS 
@ 10W STEREO AMPLIFIER MODULE Uses 
TDA2009 class AB audio power amp IC designed for 
quality stereo applications. 3088-KT £9.95 
@ 2x 25W CAR BOOSTER AMPLIFIER - suitable for use 
with an existing car stereo system. Connects to the output 
of the car stereo cassette player, CD player or radio. 
Heatsinks included. PCB 76mm x 75mm. 1046-KT. £24.95 
@ IR REMOTE TOGGLE SWITCH Use any remote contro! 
unit to switch onboard relay on/off. 3058-KT £8.95 
@ SPEED CONTROLLER for any common DC motor 
up to 100V/5A. Pulse width modulation gives maximum 
torque at all speeds. 5-15VDC. 3067-KT £9.95 
@ PIC 16C71 FOUR SERVO MOTOR DRIVER 
Simultaneously control up to 4 servo motors (not sup- 
plied). Only 50mm x 70mm. 3102-KT £14.95 
@ UNIPOLAR STEPPER MOTOR DRIVER for any 5, 
6 or 8 lead motors. 3 run modes. 3109-KT £13.95 
@ PC BASED STEPPER MOTOR DRIVER Connects 
to parallel port. Drives two stepper motors up to 3A 
each. 3113-KT £15.95 
@ TRANSMITTER RECEIVER PAIR 2- 
button key fob style 300-375MHz Tx with 
30m range. Receiver encoder module with 
matched decoder IC. 30A15 £13.75 
@ STEREO VU METER shows peak music 
power using 2 rows of 10 LED's (green, yellow, red) 
moving bar display. 0-30db. 3089-KT £10.95 
@ NEGATIVE\POSITIVE ION GENERA- 
TOR Standard Cockcroft-Walton multiplier 
circuit. Mains voltage experience required. 
3057-KT £8.95 
@ AM RADIO KIT Tuned Radio Frequency front-end, 
single chip AM radio IC & 2 stages of audio amplifica- 
tion. All components inc. speaker provided. PCB 
32x102mm. 3063-KT £8.95 ; 
@ LED DICE Classic intro to electronics & circuit analy- 
sis. 7 LED's simulate dice roll, slow down & land on a 
number at random. 555 IC circuit. 3003-KT £7.95 
@ STAIRWAY TO HEAVEN Tests hand-eye co-ordina- 
tion. Press switch when green segment of LED lights to 
climb the stairway — miss & start again! Good intro to 
several basic circuits. 3005-KT £7.95 
@ ROULETTE LED ‘Ball’ spins round the wheel, slows 
down & drops into a slot. 10 LED’s, CMOS decade 
counter & Op-Amp. Educational & fun! 3006-KT £9.95 
@ DUAL LED DICE PIC 16C54 circuit performs similar 
function to 3003-KT above but two dice. Good intro to 
micro-controllers. Software code supplied on disk. 
3071-KT £11.95 
@ AUDIO TO LIGHT MODULATOR Controls intensity 
of one or more lights in response to an audio input. 
Safe, modern opto-coupler design. Mains voltage expe- 
rience required. 3012-KT £6.95 
@ 9V XE TUBE FLASHER Transformer circuit steps 
up 9V battery supply to flash the 25mm long Xenon tube. 
Adjustable flash rate (0-25-2 Sec’s). 3022-KT £10.95 
@ LED FLASHER 5 ultra bright red LED's flash in 
sequence or randomly. Ideal for model railways. 3052- 
KT £4.50 
@ 16C84 PIC PROGRAMMER Reads, programs & 
verifies. Uses any PC parallel port. All hardware, soft- 
ware & documentation needed to learn & test this uC 
provided. 3081-KT £217.95 
@ SERIAL PIC PROGRAMMER for all 8, 
18, 28 and 40 pin DIP serial programmed 
PICs, Third party software supplied expires 
after 21 days and costs US$25 to register. 
3096-KT £9.95 
@ 12-BiT PC DATA ACQUISITION SYSTEM. Use your 
PC to monitor and control external events and devices 
through its parallel port. 3118-KT£34.95 
@ 3V/1.5V TO 9V BATTERY CONVERTER Replace 
expensive 9V batteries with economic 1.5V batteries. IC 
based circuit steps up 1 or 2 ‘AA’ batteries to give 
9V/18mA. 3035-KT £4.75 
@ LIGHT ALARM Protect your valuables. Alarm 
sounds if circuit detects smallest amount of light. Place 
in cash box etc. 3008-KT £4.50 
@ PIEZO SCREAMER 110db of ear piercing noise. 
PCB fits in box with has 2 x 35mm piezo elements built 
into their own resonant cavity. Use as an alarm siren or 
just for fun! 6-9VDC. 3015-KT £8.75 
@ COMBINATION LOCK Versatile electronic iock com- 
rising main circuit & separate keypad for remote open- 
ing of lock. Relay supplied. 3029-KT £8.95 
@ ULTRASONIC MOVEMENT 
DETECTOR Crystal locked f= 
detector frequency for max- “(35 







imum stability and reliability. (fit) Ae 
PCB 75 x 40mm houses all 7 
components. 4-7m range. Adjustable sensi- ua 
tivity. Output will drive external relay/circuits. 
9VDC. 3049-KT £12.95 
@ PIR DETECTOR MODULE 3-lead assembled unit 
just 25x35mm as used in commercial burglar alarm sys- 
tems. 3076-KT £8.25 
@ TRAIN SOUNDS 4 selectable 
sounds — whistle blowing, level 
crossing bell, chugging, & ‘clickety- 
Clack’. All components inc. speaker 
supplied. SG01 £4.50 al 
@ ANIMAL SOUNDS Cat, dog, chicken and cow. Ideal 
for kids farmyard toys and schools. All components inc. 
speaker supplied. SG10 £3.95 
@ MUSIC BOX Activated by light. Plays eight 
Christmas songs and 5 other tunes. All components inc. 
speaker supplied. 3104-KT £5.95 
@ RO VOICE EFFECT. Make your voice sound 
similar to a robot or Dalek. reat fun for discos, schoo! 
plays, theatre productions, radio stations and playing 
jokes on your friends when you ansswer the phone! | tions taking place! R025 £3.00 
CB 42mm x 7imm. 1131-KT £7.95 


@ FUNCTION GENERATOR Quad Op-Amp oscillator @ 20 MHz FUNCTION GENERATOR 
& wave shaper circuit generates audio range square &> Coarse and fine-tuning. TTL output. 2V p-p. 








































































waves (6Hz-6KHz), triangle & pseudo sine outputs. Uses MAX038 IC. Full assembly and operating 

9VDC. 3023-KT £4.25 instructions and box provided. 

@ LOGIC PROBE tests CMOS & TTL circuits & detects 3101-KT £49.95 

fast pulses. Visual & audio indication of logic state. Full | CASH CREATOR BUSINESS REPORTS. Need ideas 

instructions supplied. 3024-KT £7.25 on how to make some hard cash? Well this could be just 
@ POCKET SAMPLER/DATA LOGGER | what you need! You get 40 reports (approx. 800 pages) 
Sample analogue inputs from 0-2V and 0- | on floppy disk that give you information on setting up dif- 
20V. Unit fits into D-shell case supplied. PC | ferent businesses. You also get valuable reproduction 
powered. Software supplied. 3112- | and duplication rights so that you can sell the manuals 
KT£18.95 as you like. RO30 £7.50 
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Bell College of Technology 
Almada Street 


Hamilton ML3 OJB 
Tel: 01698 283100 BEI] Calleee 
Fax: 01698 459790 APR 4h MA 4 \OUCE 


WEL Coe fel tT 
expertise pay! 


in today's world you need qualifications to obtain and keep 
employment. Our open learning courses make obtaining those 
qualifications as convenient as possible. 

Choose from our dozens of SQA accredited units, either 
singly to update your skills or as a group to obtain a Higher 
National Certificate. 


Learn at your own pace in your own home 
Support from professional engineers via phone, 
FAX and the Internet 

Courses from introductory Bridging Modules 
to HNC Electronics 

Units from Programmable Logic Controllers 

to Engineering Computing 


DON'T DELAY - we are waiting to hear from you. 


Contact: Laura Murdoch, Open Learning Co-ordinator 
Tel: 01698 283100 Extension 214. 

E-mail: |.murdoch@bell.ac.uk 

Web: http://fioti.bell.ac.uk/openiearning 


Member of the British Association for Open Learning 
Preview Centre for Financial Times Management 


pany 
| STRATHCLYDE | RATHOLYDE am ; : 
feuropean} is a registered charity No. Sc 021179, \ bs 3 
INVESTOR IN PEOPLE 


providing quality Higher Education and 


MaeaEAiasiallas §— Training opportunities for all. mete 


SQUIRES 


MODEL AND CRAFT TOOLS 


A comprehensive range of Miniature Hand and Power Tools 
and now an extensive range of 


ELECTRONIC COMPONENTS 


featured in a fully illustrated 


336-page Mail Order Catalogue 


1999 Issue 


SAME DAY DESPATCH 
FREE POST & PACKING 


Catalogue free of charge to addresses in United Kingdom. 
For overseas send 6 International Reply Coupons to: 


Squires, 100 London Road, 
Bognor Regis, West Sussex 
~~ PO21 1DD 
Tel: 01243 842424 
Fax: 01243 842525 


SHOP NOW OPEN 
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SURVEILLANCE KITS 


Sepia Technologies Ltd specialise in the production of top quality surveillance kits 
designed to operate on either FM/Air band frequencies. All kits are supplied with easy 
to follow instructions. Circuit diagrams and high quality components and pc.b.s 













TRANSMITTING PEN KIT 


A breakthrough. When 
assembled this quality Sheafer 
fF pen appears just like any other 
® working pen, yet concealed 
F inside is a fully working micro 

miniature transmitter with its own 
internal power supply (3 x button 
cells). It will pick up the slightest 
whisper and transmit over a range of up 
to 500m. 


ONLY £27.95 inc. P&P 


All parts included except batteries. 


ROOM MONITORING KITS 


UMTX ULTRA MICRO ROOM TRANSMITTER 
ONLY £14.95 inc. P&P 

Without a doubt the smallest transmitter kit in the world — only 
10mm x 16mm, powered by 3V-12V. Range up to 1000m. 


SMTX SUPER MICRO ROOM TRANSMITTER KIT 
ONLY £12.95 inc. P&P 

Micro-sized transmitter kit, only 20mm x 20mm — the most popular 
by far. Range up to 1200m, powered by 3V-12V. 


HPTX HIGH POWERED ROOM TRANSMITTER KIT 
ONLY £14.95 inc. P&P 

A high powered micro transmitter kit, yet still only 24mm x 24mm. 
Range up to 1800m, powered by 6V-12V. 


UPTX ULTRA HI-POWER ROOM TRANSMITTER KIT 
ONLY £17.95 inc. P&P 

Ultra high power transmitter kit with a superb range of 3000m, yet 
still only measures 16mm x 38mm, powered by 9V-12V. 


VTX VOICE-ACTIVATED ROOM TRANSMITTER KIT 
ONLY £18.95 inc. P&P 

A variable sensitivity controlled Vox circuit which activates its own 
transmitting circuit from the slightest whisper. Only 20mm x 65mm. 
Range up to 1200m, powered by 9V-12V. 


MPTX MAINS POWERED ROOM TRANSMITTER 
ONLY £18.95 inc. P&P 

A powerful transmitter kit measuring only 30mm x 40mm including 
power supply circuit. Range up to 1000m. Can be concealed any- 
where!!! 110V/240V. 


COUNTER SURVEILLANCE KITS 


RFD BUG DETECTOR 

ONLY £29.95 inc. P&P 

A pocket-size kit only 40mm x 50mm which will locate all those 
hidden bugs. L.E.D. and sounder with gain control to pinpoint 
devices. 9V required. 


RFD Ii BUG DETECTOR 
ONLY £44.95 inc. P&P 
A professional unit with multi L.E.D. readout, sounder and audio 


HOW TO ORDER 

BY POST 

Please send cheque or money orders (cash by 
registered post). Overseas customers please add £5.00 per order. 
BY PHONE 

7.30 am to 9 pm — 7 days 

We accept all major credit cards. 

Immediate despatch. 


VISITORS BY APPOINTMENT ONLY 
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SEPIA TECHNOLOGIES LTD 


2 DUKE STREET 
SUTTON COLDFIELD 
WEST MIDLANDS 
B72 1RJ 


ADAPTOR BUG KIT 
ADT 


When assembled this appears 

just like any other fully 

- functioning two-way mains 

- adaptor, yet concealed 

___ inside is a powerful mains 
~ powered transmitter which 

will pick up the slightest 

whisper and transmit up to 

1000m. Ideal bugging device — 

just plug in and go. 


ONLY £24.95 inc. P&P 


All parts required included. 








confirm. Will also locate most telephone devices. 9V required. Only 
60mm x 100mm. 


TELEPHONE MONITORING KITS 


MTTX MICRO TELEPHONE TRANSMITTER KIT 
ONLY £14.95 inc. P&P 

Smallest kit available — only 10mm x 18mm, powered by the tele- 
phone line. Transmits only when phone is in use. Range up to 
1000m. 


ee MINIATURE TELEPHONE TRANSMITTER 


ONLY £12.95 inc. P&P 
Measures only 20mm x 15mm. Powered by line, with a range up to 
1500m. Transmits only when phone is in use. 


HTTX HI-POWER TELEPHONE TRANSMITTER KIT 
ONLY £15.95 inc. P&P 

The most powerful available, up to 3000m — yet still only 20mm x 
30mm. Transmits only when phone is in use. Line powered. 


ATS TELEPHONE RECORDING INTERFACE KIT 
ONLY £12.95 inc. P&P 

Connects between telephone line and cassette recorder. 
Automatically switches on tape when phone is used. Powered by 
line. Only 15mm x 25mm. 


TRACKING TRANSMITTER KIT 


TTX Il TRACKING TRANSMITTER KIT 

ONLY £19.95 inc. P&P 

Ideal for tracking applications, gives out a continuous signal — fully 
variable. Range up to 3000m, yet only 25mm x 55mm. 9V-12V 
power. Complete with details of how to adapt a receiver to 
locate/trace. 


ROOM/TELEPHONE TRANSMITTER KIT 


RTTX ROOM AND TELEPHONE TRANSMITTER KIT 
ONLY £24.95 inc. P&P 

A breakthrough — this line-powered unit will transmit all telephone 
conversations when phone is in use, then when the call ends it will 
monitor and transmit all room conversations. 35mm x 35mm. 
Range up to 1200m. 


TEL: 0121 362 1862 
FAX 0121 362 1881 
E-MAIL: sepiatek@aol.com 


WE EXPORT WORLDWIDE 





Everyday Practical Electronics/ETI, September 1999 





VIDEOS ON 
ELECTRONICS 


A range of videos selected by EPE and designed to provide instruc- 
tion on electronics theory. Each video gives a sound introduction 
and grounding in a specialised area of the subject. The tapes make 
learning both easier and more enjoyable than pure textbook or 
magazine study. They have proved particularly useful in schools, 
colleges, training departments and electronics clubs as well as to 
general hobbyists and those following distance learning courses etc 





BASICS 


VT201 to VT206 is a basic electronics course 
and is designed to be used as a complete 
series, if required. 

VT201 54 minutes. Part One; D.C. Circuits. 
This video is an absolute must for the begin- 
ner. Series circuits, parallel circuits, Ohms 
law, how to use the digital multimeter and 
much more. Order Code VT201 
VT202 62 minutes. Part Two; A.C. Circuits. 
This is your next step in understanding the 
basics of electronics. You will learn about how 
coils, transformers, capacitors, etc are used in 
common circuits. Order Code VT202 
VT203 57 minutes. Part Three; Semicon- 
ductors. Gives you an exciting look into the 
world of semiconductors. With basic semicon- 
ductor theory. Plus 15 different semiconduc- 
tor devices explained. 


Order Code VT203 





VT204 56 minutes. Part Four; Power 
Supplies. Guides you step-by-step through 
different sections of a power supply. 

Order Code VT204 
VT205 57 minutes. Part Five; Amplifiers. 
Shows you how amplifiers work as you have 
never seen them before. Class A, class B, 
class C, op.amps. etc. | Order Code VT205 
VT206 54 minutes. Part Six; Oscillators. 
Oscillators are found in both linear and digi- 
tal circuits. Gives a good basic background in 
oscillator circuits. 


- 


inc. weg & postage 


Order 8 or more get one extra FREE | : | 


Order 16 get two extra FREE 





Order Code VT206 


vT102 84 faites: IntrodunlOn & to VCR 
Repair. Warning, not for the beginner. 
Through the use of block diagrams this 
video will take you through the various 
circuits found in the NTSC VHS system. 
You will follow the signal from the input to 
the audio/video heads then from the 
heads back to the output. 

Order Code VT102 
VT103 35 minutes: A step-by-step easy to 
follow procedure for professionally clean- 
ing the tape path and replacing many of 
the belts in most VHS VCR's. The viewer 
will also become familiar with the various 


parts found in the tape path. 
Order Code VT103 





DIGITAL 


Now for the digital series of six videos. This 
series is designed to provide a good ground- 
ing in digital and computer technology. 

VT301 54 minutes. Digital One; Gates begins 
with the basics as you learn about seven of 
the most common gates which are used in 
almost every digital circuit, plus Binary 


notation. Order Code VT301 


VT302 55 minutes. Digital Two; Flip Flops 
will further enhance your knowledge of digital 
basics. You will learn about Octal and 
Hexadecimal notation groups, flip-flops, 
counters, etc. er Code VT302 
VT303 54 minutes. Digital Three; Registers 
and Displays is your next step in obtaining a 
solid understanding of the basic circuits 
found in today’s digital designs. Gets into 
multiplexers, registers, display devices, etc. 

Order Code VT303 
VT304 59 minutes. Digital Four; DAC and 
ADC shows you how the computer is able to 
communicate with the real world. You will 
learn about digital-to-analogue and ana- 
loque-to-digital converter circuits. 

Order Code VT304 
VT305 56 minutes. Digital Five; Memory 
Devices introduces you to the technology 
used in many of today’s memory devices. You 
will learn all about ROM devices and then 
proceed into PROM, EPROM, EEPROM, 
SRAM, DRAM, and MBM devices. 

Order Code VT305 
VT306 56 minutes. Digital Six; The CPU 
gives you a thorough understanding in the 
basics of the central processing unit and the 
input/output circuits used to make the system 


work. Order Code VT306 


ORDERING: Price includes postage to anywhere in the world. 


OVERSEAS ORDERS: We use the VAT portion of the price to pay for airmail postage 
and packing, wherever you live in the world. Just send £34.95 per tape. All payments 
in £ sterling only (send cheque or money order drawn on a UK bank). 


Visa and Mastercard orders accepted — please give card number, card expiry date and 
cardholder’s address if different from the delivery address. 


Orders are normally sent within seven days but please allow a maximum of 28 days, 


longer for overseas orders. 


Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset 
BH21 1RW (Mail Order Only) 


Direct Book Service is a division of Wimborne Publishing Ltd., Publishers of EPE 
Tel: 01202 881749. Fax: 01202 841692 


Due to the cost we cannot reply to overseas orders or queries by Fax. 
E-mail: editorial@epemag.wimborne.co.uk 
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VT401 61 iiaititabess AM. Radio Theory. The 
most complete video ever produced on a.m. 
radio. Begins with the basics of a.m. trans- 
mission and proceeds to the five major stages 
of a.m. reception. Learn how the signal is 
detected, converted and reproduced. Also 
covers the Motorola C-QUAM a.m. stereo. 
system. Order Code VT401 
VT402 58 minutes. F.M. Radio Part 1. FM. 
basics including the functional blocks of a 
receiver. Plus r.f. amplifier, mixer oscillator, 
if. amplifier, limiter and f.m. decoder stages 


of a typical f.m. receiver. Order Code VT402 





VT403 58 minutes. F.M. Radio Part 2. A con- 
tinuation of f.m. technology from Part 1. 
Begins with the detector stage output, pro- 
ceeds to the 19kHz amplifier, frequency dou- 
bler, stereo demultiplexer and audio amplifier 


stages. Also covers RDS digital data encoding 
and decoding. Order Code VT403 


MISCELLANEOUS 
VT501 58 minutes. Fibre Onis. From the 
fundamentals of fibre optic technology 
through cable manufacture to connectors, 
transmitters and receivers. 

Order Code VT501 
VT502 57 minutes. Laser Technology A basic 
introduction covering some of the common 
uses of laser devices, plus the operation of the 
Ruby Rod laser, HeNe laser, CO, gas laser 
and semiconductor laser devices. Also covers 
the basics of CD and bar code scanning. 


Order Code VT502 








Each video uses a mixture of animated current 
flow in circuits plus text, plus cartoon instruc- 
tion etc., and a very full commentary to get the 
points across. The tapes are imported by us and 
originate from VCR Educational Products Co, 


_an American supplier. We are the worldwide 


distributors of the PAL and SECAM versions of 
these tapes. (All videos are to the UK PAL stan- 
dard on VHS tapes unless you specifically 
request SECAM versions.) 
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Everyday Practical Electronics are pleased to be able to offer all readers these 


ELECTRONICS CD-ROMS 


ANALOGUE ELECTRONICS 
by Mike Tooley 


Analogue Electronics is a complete learning resource for 
this most difficult branch of electronics. The CD-ROM 
includes a host of virtual laboratories, animations, 
diagrams, photographs and text as well as a SPICE 
electronic circuit simulator with over 50 pre-designed 


circuits. 
FUNCTIONS 


The component values on all 
circuits can be edited and the user 
can use the simulation engine to 
see how the value of each 
component affects circuit 
performance. You can, for instance, 
alter frequency and phase angle 
and plot outputs on a virtual 
oscilloscope or show load line 
graphs etc. 


COVERAGE 

Sections on the CD-ROM include: 
Fundamentals — Analogue 

Signals (5 sections), Transistors (4 
sections), Waveshaping Circuits (6 
sections); Op.Amps — 17 sections 
covering everything from Symbols 
and Signal Connections to 
Differentiators; Amplifiers — Single 
Stage Amplifiers (8 sections), 
Multi-stage Amplifiers (3 sections); 
Filters — Passive Filters (10 
sections), Phase Shifting Networks 
(4 sections), Active Filters (6 
sections); Oscillators — 6 sections 
from Positive Feedback to Crystal 
Oscillators; Systems — 12 sections 
from Audio Pre-Amplifiers to 8-Bit 
ADC plus a gallery showing 
representative p.c.b. photos. 


@ Includes SPICE circuit 
simulator with over 50 
circuits 


@ Unique virtual laboratories 
@ Editable assignments 


@ Design parameters for circuits 
included 


@ Complete hi-fi amplifier case 
study 


Prices for each of the two CD-ROMs above are: 








Gillery = : — Wideband Amplifier 





DIGITAL ELECTRONICS 
by Mike Tooley 


Digital Electronics builds on the knowledge of logic gates 
covered in Electronic Circuits & Components (below), and 
takes users through the subject of digital electronics up to 
the operation and architecture of microprocessors. The 
virtual laboratories allow users to operate many circuits on 


screen. 


FUNDAMENTALS 


Fundamentals introduces the basics 
of digital electronics including binary 
and hexadecimal numbering 
systems, ASCII, basic logic gates 
and their operation, monostable 
action and circuits, and bistables — 
including JK and D-type flip-flops. 


COMBINATIONAL 
LOGIC 


functions and specialised logic 


functions such as majority 
vote, parity checker, scrambler, 
half and full adders. Includes 
fully interactive virtual 
laboratories for all 

circuits. 


SEQUENTIAL LOGIC 


Introduces sequential logic 
including clocks and clock circuitry, 
counters, binary coded decimal 
and shift registers. 


DIGITAL SYSTEMS 


ot saa A/D and D/A converters and 

: their parameters, traffic light 
controllers, memories and 
microprocessors — architecture, 
bus systems and their arithmetic 
logic units. 


GALLERY 


: A catalogue of commonly used 
ae : IC schematics taken from the 
ee eeveuree 74xx and 40xx series. Also 

_ includes photographs of 
common digital integrated 
circuits and circuit technology. 


§ | Further improvement cai be made to the master-slave bistable by feeding back 
¥ [the logical state's fot the output (slave) to a further set of contro! gates before the 
£ open oy ey ay der ana aan A simplified version of the 
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Microprocessor 


Hobbyist/Student ..........sccccccssssssssssssccseeereeesesseeee 40 INC VAT 
Institutional (Schools/HE/FE/Industry)..............£99 plus VAT 
Institutional 10 user (Network Licence)..........£199 plus VAT 


(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


ELECTRONIC CIRCUITS & COMPONENTS 
+ THE PARTS GALLERY by Mike Tooley 





Electronic Circuits & Components provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The virtual laboratories, worked examples and 
pre-designed circuits allow students to learn, experiment and check their understanding as they proceed through the sections on 
the CD-ROM. Sections on the disk include: Fundamentals: units & multiples, electricity, electric circuits, alternating 





Virtual laboratory — sinusoids 


circuits. Passive Components: resistors, capacitors, inductors, transformers. 
Semiconductors: diodes, transistors, op.amps, logic gates. Passive Circuits . Active 
Circuits 

The Parts Gallery — many students have a good understanding of electronic theory but 
still have difficulty in recognising the vast number of different types of electronic 
components and symbols. 

The Parts Gallery helps overcome this problem; it will help students to recognise 
common electronic components and their corresponding symbols in circuit diagrams. 
Selections on the disk include: Components ,Components Quiz, Symbols, Symbols 
Quiz, Circuit Technology 
Hobbyist/Student .......... 000 cece eee eee eee eee es O4 INC VAT 
Institutional (Schools/HE/FE/Industry) ..............-£89 plus VAT 
Institutional 10 user (Network Licence) .............-£169 plus VAT 


(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 





Circuit technology screen 








Interested in programming PIC microcontrollers? Learn with PiCtutor by John Becker 


Developed from John’s EPE series, this highly acclaimed CD-ROM, together with the PlCtutor experimental 
and development board, will teach you how to use PIC microcontrollers with special emphasis on the 

PIC 16x84 devices. The board will also act as a development test bed and programmer for future projects as 
your programming skills develop. This interactive presentation uses the specially developed Virtual PIC 
Simulator to show exactly what is happening as you run, or step through, a program. In this way the CD 
provides the easiest and best ever introduction to the subject. 

Nearly 40 Tutorials cover virtually every aspect of PIC programming in an easy to follow logical sequence. 


HARDWARE 

Whilst the CD-ROM can be used on its own, the physical demonstration provided by the PlCtutor 
Development Kit, plus the ability to program and test your own PIC 16x84s, really reinforces the lessons 

| learned. The hardware will also be an invaluable development and programming tool for future work once you 
= al a have mastered PIC software writing. 

Two levels of PlCtutor hardware are available — Standard and Deluxe. The Standard unit comes with a battery 
holder, a reduced number of switches and no displays. This version will allow users to complete 25 of the 39 
Tutorials. 

The Deluxe Development Kit is supplied with a plug-top power supply (the Export Version has a battery 
holder), all switches for both PIC ports plus I.c.d. and 4-digit 7-segment I.e.d. displays. It allows users to 
program and control all functions and both ports of the PIC and to follow the 39 Tutorials on the CD-ROM. 

All hardware is supplied fully built and tested and includes a PIC16F84 electrically erasable programmable 


microcontroller. 
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The Virtual PI 








PiCtutor CD-ROM 

FIREIVIGE/ GUC ONE occ ccassisscsssonsstxessnccsensceneecnvenseesscecesvecsessas £45 inc. VAT 

Institutional (Schools/HE/FE Industry) ...........::0ssss00 £99 plus VAT 

Institutional 10 user (Network Licence)............s000+ £199 plus VAT 

HARDWARE 

Standard PiCtutor Development Kit ...............::cceceseeees £47 inc. VAT 
3 | Deluxe PiCtutor Development Kit .............scsssseesseees £99 plus VAT 
" r Deluxe Export Version...........:csscsssssscssssssesscsseseseees £96 plus VAT 
Deluxe PiCtutor Hardware (UK and EU customers add VAT at 17.5% to “plus VAT” prices) 





MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton designing your circuit soe tel 
Developed from Max Horsey’s Teach-In series A Guide to Modular Circuit Design (EPE Nov Be te ae antic ton eee 
‘95 to Aug ‘96). This highly acclaimed series presented a range of tried and tested analogue 
and digital circuit modules, together with the knowledge to use and interface them. Thus 
allowing anyone with a basic understanding of circuit symbols to design and build their own 
projects. ; 

Essential information for anyone undertaking GCSE or “A” level electronics or technology and 
for hobbyists who want to get to grips with project design. Over seventy different Input, 
Processor and Output modules are illustrated and fully described, together with detailed 
information on construction, fault finding and components, including circuit symbols, pinouts, 





power supplies, decoupling etc. input i" processor output 
Single User Version £19.95 inc. VAT 
Multiple User Version £34 plus VAT “| found that | could design a circuit without my teacher's help. 
‘ : And it worked! Everything was to hand — which chips to use — 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) and which pins did what.” _ Andrew Preston (GCSE student) 


A Web Browser is required for Modular Circuit Design — one is provided on the EPE CD-ROM No. 1 (see below) but most modern computers are supplied with one. 


Minimum system requirements for these CD-ROMs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM, 
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card (not required for P/Ctutor or Modular Circuit Design). 














oe Ne ee een ee eee ee ee ee oe ee a eee ee | 
® CD-ROM ORDER FORM 3 ORDERING 
| Please send me: C1 Hobbyist/Student ALL PRICES INCLUDE UK 
[] Electronic Circuits & Components +The Parts Gallery [] Institutional POSTAGE 
'C] Analogue Electronics [] Institutional 10 user ! 
CL] Digital Electronics Note: The software on each version is Student/Single User/Standard Version 
;L] PiCtutor ) the same, only the licence for use varies. price includes postage to most 
I 1 ‘ : 
1 ; countries in the Id 
1L] PiCtutor Development Kit — Standard Note: The PiCtutor CD-ROM is not _| weds ope : 
1 PiCtutor Devel K é ‘or © EU residents outside the UK add £5 for 
C utor Development Kit — Deluxe [] Deluxe Export included in the Kit prices. airmail postage per order 
! (] Modular Circuit Design — Single User 
[] Modular Circuit Design — Multiple User 
DOMINO sce oc wanstge Sa mania acim eunecalee adnan tee EO OOAL wiyis notan osteo e | 
NN 1 es Peet oes len dad gens owew adn Nae baeoawuc eek eens at aeeinats 
Rie ke ee ie eA I eS Ak a a ae ee be 
fe ee ee ee eee POS! COGQ? 4.4.63 witaraee bee NO Ol hc aw eed panane wisest :; 
SONI ca: ie oan. hss gon a eve sewed on dy ba Oh dace dew Mhwebekan baba bisa tweets 
I 
! [-] | enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for£............... | 
| L] Please charge my Visa/Mastercard:£............... Card @XpY G8IG?. sca ey cede cage. 
ONG cork ce dale tly ic pw een esig wk Gd a Pee oa a Ls Oba ee ee ees 
i 
I 


1 Please supply name and address of cardholder if different to the delivery address. 





Demos (not Modular Circuit Design) available on the EPE CD-ROM No. 1 (Free with the November ‘98 issue) — send £2 for this CD-ROM if you require the demos. 
Minimum order for credit card payment is £5. 
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Most text books deal with oscillators in a theoretical way. This series, prepared with the 
electronics enthusiast and experimenter very much in mind, is intensely practical. Tried and 
tested circuits are fleshed out with component values, and their vices and virtues are exposed. 


PART THREE — THE ARMSTRONG, MEISSNER, FRANKLIN AND BUTLER 
OSCILLATORS, PLUS PROBES FOR R.F. VOLTAGE MEASUREMENTS. 


and their variants, in some detail. This month, circuits attrib- 
uted to Armstrong, Meissner, Franklin and Butler will be 
considered. 

With the Hartley circuit, feedback is applied to a tapping in the 
tuning inductor: with the Colpitts, the tuning capacitor is tapped. 
Quite apart from questions of performance, these circuits are con- 
venient because of the way they simplify coil design. 


ARMSTRONG OSCILLATORS 


Oscillators attributed to E. H. Armstrong, the great American 
radio pioneer, involve more complicated inductor arrangements. 
Two of his designs rely on a separate winding to feed maintaining 
energy back to the tuned circuit. Another has a pair of tuned circuits 
with feedback via the anode/grid capacitance of a coupling valve. 

Conceived during the decade following Lee De Forest’s invention 
of the triode, the circuits were of crucial importance to the emerg- 
ing radio industry and, from 1917 to 1924, there was much acrimo- 
nious patent litigation between De Forest and Armstrong. The 
American courts decided in De Forest’s favour on the basis of a 
legal technicality. However, in Britain, the validity of Armstrong’s 
patents, and of his claim to be the true originator, has generally been 
upheld. 


GETTING IN TUNE 


In their original form, with triode valves as the maintaining devices, 
the circuits became known as tuned grid, tuned anode, and tuned 
grid/tuned anode. Clearly, the circuits take their names from the way 
the frequency determining components are connected to the valve. 

The tuned grid circuit came to be adopted almost universally as 
the local oscillator in valve superhet receivers. (The superhet 
receiver was invented by Armstrong whilst he was a US Army 
Signals Officer stationed in France during the First World War.) No 
doubt the ability to connect coil and capacitor to ground made it the 
natural choice for this purpose. 

With the growing use of bipolar transistors during the 1960’s, the 
valve tuned grid circuit fell from use as it did not adapt well to the 
new low-impedance devices, or to the type of mixer/oscillator 
stages which became standard in mass produced radios. It was, 
however, replaced by another very early oscillator circuit, the 
Meissner; more on this later. 

The subsequent development of field-effect transistors, with their 
more valve-like characteristics, saw its resurrection as the local 
oscillator in simple, wide coverage communications receivers. A 
typical application of the tuned gate oscillator stage of the radio 
receiver front end is shown in Fig. 1a. 


est articles covered the Hartley and Colpitts oscillators, 
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OSCILLATORS IN SUPERHET 
RECEIVERS 


Superhet oscillators operate at a higher frequency than that of the 
incoming signals. This higher frequency is combined with the 
incoming signal in a mixer (see Fig.1b), and the difference between 
the two, the intermediate frequency, or 1.f., is selected by tuned cir- 
cuits and amplified. 

Domestic radios have an i.f. of between 455kHz and 470kHz. 
Older, high-performance valve sets had an 1.f. of 1.6MHz, and mod- 
ern communications receivers have multiple i.f.s which can include 
40MHz, 10MHz, 455kHz and lower frequencies. 

Tuning of the signal frequency and oscillator stages is via a dual- 
ganged tuning capacitor, and some provision must be made, there- 


_ fore, for this frequency difference to be constantly maintained over 


the tuning capacitor swing. Taking the medium wave band as an 
example, and assuming an i.f. of 460kHz, the signal frequency 
tuned circuit will sweep from 1600kHz down to 530kHz, whilst the 
oscillator must cover 2060kHz (1600+460) to 990kHz (530+460). 
The different coverage is achieved by making the oscillator coils 
of lower inductance than the signal frequency or r.f. coils, and by 
placing a capacitor in series with the oscillator gang of the tuning 
capacitor in order to reduce its value when fully meshed. The series 


_ capacitor is called a “padder’’. By this means, the oscillator circuits 


can be made to track the signal frequency circuits almost perfectly, 
and the 460kHz difference is maintained over the full swing of the 
variable tuning capacitor. (Strictly speaking, absolutely perfect 
tracking is achieved at three points on the dial.) 


ARMSTRONG OSCILLATOR - 
Tuned Gate F.E.T. Version 


We can now consider the functions of the various components of 
the Armstrong oscillator stage (Fig. 1a) in our receiver “front-end” 
circuit of Fig.1, where the tuned circuit formed by L2 and variable 
capacitor VCla determines the frequency of oscillation. The swing 
reducing padder capacitor C2 is connected in series with the coil L2 


PLEASE NOTE 


In the “Tuned Circuit Calculations” panel in Part 1 (July 
’99 issue) page 522, the third and fourth equations for f 


should be as follows and not as printed: 
5:033 _ 159-155 


Sol", vel = 
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to simplify band switching (this has virtually the same effect as con- 
necting it directly in series with VCla). Trimmer capacitor VC2 
permits the precise matching of the minimum capacitance in the r.f. 
and oscillator circuits, and fixed capacitor C3 is required to opti- 
mise tracking only on the longwave band. 

Coupling or “reaction”’ winding L1 must be connected so that the 
feedback is in-phase, and the correct arrangement is indicated on 
the circuit diagram. Resistor R1, capacitors C1 and C7 decouple the 
oscillator from the supply rail, and the tuned circuit is connected to 
the gate (g) of transistor TR1 via capacitor C5. Gate resistor R3 
ensures correct biasing. 

Valve and f.e.t. versions of this circuit are prone to “squegging”’, 
i.e., the transistor goes in and out of oscillation, usually at a low 
radio frequency. Resistor R2 is included to inhibit this. If the prob- 
lem is encountered despite the inclusion of R2, modify the time 
constant of the gate input circuit by reducing the value of C5 and/or 
R3. Increasing the value of R1 may also effect a cure. 


BIASING 


Biasing has to be optimised or the circuit will not oscillate over 
the full swing of a 365pF tuning capacitor on the highest shortwave 
range (1OMHz to 30MHz). The source bias resistor is, therefore, 
made up of R4 and preset potentiometer VR1. If such extensive cov- 
erage is not required, a single fixed resistor of around 2-2 kilohms 
can be substituted when 2N3819 transistors are used, or 4-7 kilohms 
when J310s are wired into circuit. 

The output is taken from the “hot”’ end of 
the tuning coil via a low value capacitor C4. 
It must be fed into a high impedance load or 
oscillation will be inhibited. Output voltage 
is reasonably constant over the full swing of 
a 365pF variable capacitor, and the wave- 
form is of excellent quality. 

Connecting a diode from gate to 
ground/OV (diode cathode (k) to ground) to 
limit forward conduction of the j.f.e.t.’s gate 
makes oscillation weak and erratic on the 
highest shortwave range, and, for this rea- 
son, it has been omitted. If extended high 
frequency coverage is not required, connect- 
ing a diode will limit oscillation amplitude 
and prevent a slight flattening of the wave- 
form which can occur at low frequencies. 


ARMSTRONG 
INDUCTORS 


The feedback or reaction winding L1 
must be tightly coupled to the tuned winding 
L2. The rule-of-thumb adopted for valve 
- versions of the circuit was to make the num- 
ber of turns on the feedback coil between 30 


ARMSTRONG’S 
OSCILLATORS 


Three early valve oscillators are 
attributed to Edwin Howard Armstrong: 
the tuned grid, the tuned anode and the 
tuned grid/tuned anode. They were all 
used in transmitters, and the tuned grid 
circuit was adopted, almost universally, 
as the local oscillator in superhet 
receivers until bipolar transistors began 
to take the place of valves. 

When field-effect transistors (f.e.t.s), 
with their more valve-like characteristics, 
were introduced, it saw a revival in 
receivers with some pretensions to high 
ep iatialaaa A typical circuit is given in 

ig.1. 

The f.e.t. version of Armstrong's cir- 
Cuit oscillates readily from audio up to 
5OMHz or more. A near perfect sinewave 
is produced, and output is reasonably 
constant over the tuning capacitor 
swing. On the downside, a separate 
feedback winding is required on the tun- 
ing coil, and output impedance, with this 
particular circuit, is high. 
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per cent and 50 per cent of the turns on the tuned winding. It was 
also recognised that the capacitance across the feedback winding 
had to be kept to an absolute minimum in order to avoid “squeg- 
ging” and other forms of erratic operation. 

With the f.e.t. version of the circuit, a ratio of 10 per cent up to 
2MHz, then progressively increasing to 50 per cent on the high- 
est shortwave range, should ensure reliable oscillation. Wind 
feedback windings over the “earthy”’ end of tuned windings, sep- 
arating the two by a layer of insulating tape: coupling must be 
tight or oscillation may not be maintained over the full tuning 
range. 


MOSFET MIXER 


A well tried mixer circuit completes our receiver circuit and is 
illustrated in Fig.1b, where incoming signals, tuned by L4 and 
VC1b, are applied to gate 1 (g1) of the dual-gate MOSFET TR2. 
The oscillator voltage is fed to TR2 gate 2 (g2). 

For best results, mixers of this kind require an oscillator injection 
of at least 1V, and preferably close on 2V r.m.s. Clearly, therefore, 
the output voltage of the tuned gate oscillator, and the high input 
impedance of the MOSFET mixer, make this an effective combina- 
tion. The whole arrangement is reminiscent of the old triode-hexode 
valve frequency changers, where the grid of the triode section was 
extended into the electrode stream of the hexode mixer in order to 
inject the local oscillation. 


@ — START OF WINDING WHEN THE OSCILLATOR IS USED AS A WIDE 
COVERAGE SIGNAL GENERATOR, DELETE PADDER C2 


AND TRIMMERS C3 AND VC2. GROUND PIN 1 OF COIL 


BASE CONNECTIONS 
FOR TOKO OSCILLATOR 
AND RE COIL 


VOUUOQOUOOOU 


* SEE TEXT 


THE 460kHz I.F.T.1 INCORPORATES C10. IF A 1.6MHz |.F. IS REQUIRED, USE A TOKO RWR331208N2 
R.F. COIL AND TUNE IT WITH A 56pF CAPACITOR. BASE CONNECTIONS ARE THE SAME 


* 
Hoge TRIMMERS, C3 AND C8, ARE REQUIRED ONLY ON THE LONGWAVE RANGE. 


TABLE 1 FOR C2 PADDER VALUES 





Fig.1. Radio receiver “front-end” using an f.e.t. version of an Armstrong oscillator. 
Suitable for receivers covering 150kHz to 30MHz. See Table 2 for details of tuning 
coils and capacitors. 
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Here the two circuits are coupled by means of capacitor C4. 
Readers who have coil packs from old valve receivers will find that 
they usually work well with this dual f.e.t. arrangement. 


INPUT CIRCUIT 


The aerial is coupled to the rf. tuned circuit by means of coil L3 
and potentiometer VR2 acts as a simple, but effective, input attenu- 
ator to prevent strong signals causing cross modulation. Trimmer 
capacitor VC3 matches the minimum capacitance in the rf. tuned 
circuit to that of the oscillator section. Capacitor C8 is required only 
on the longwave band to ensure good oscillator tracking. 

Source (s) bias for TR2 is provided by resistor R6, which is 
bypassed by capacitor C9. Bias on TR2 gate 2 is fixed at around 1V 
(the optimum level when MOSFETs are used as mixers) by con- 
necting it to the source via resistor RS. If difficulty is encountered 
in securing oscillation at the maximum tuning capacitor setting on 
the highest shortwave range, try increasing the value of this resistor 
to about 220 kilohms. 

Supply line decoupling is effected by R7 and C12, and the mixer 
output is taken from the secondary of IFT1, at pin 4. The primary 
of this r.f. transformer forms the drain load of TR2 and is, of course, 
tuned to the intermediate frequency. In practice, the setting of the 
adjustable core, within the coil former, is very broad. 


MIXER/OSCILLATOR COMBINATION 


Our receiver front-end, formed by combining the circuits in Fig.1, 
will significantly out-perform the bipolar or i.c. arrangement adopted 
in most domestic radios. Correctly set up, it will display greater sen- 
sitivity, reduced oscillator “pulling” (the shifting of the oscillator fre- 
quency by strong incoming signals), reduced noise and, if the aerial 
input attenuator is used judiciously, lower cross-modulation. 

Readers may wish to try the circuit by coupling it to the i-f. strip 
in a domestic transistor radio, and Table 1 gives full details of Toko 
inductors and trimming and padding capacitors for a full coverage 
(150kHz to 30MHz) receiver. 

The values quoted are for an i.f. of 450kHz to 470kHz. 


ALTERNATIVE INTERMEDIATE 
FREQUENCY 


An i.f. of 1-6MHz is to be preferred. This reduces image inter- 
ference (spurious responses spaced, in the main, at twice the i.f.) 
and it would permit the output to be injected into the aerial socket 
of a car radio or domestic portable to form a double superhet. 

Unfortunately, the Toko range of inductors does not include all of the 
double-winding coils required for an Armstrong oscillator in a receiver 
with a 1-6MHz i.f. The simpler inductor arrangement of the Franklin 
oscillator does, however, permit the windings of standard Toko coils to 
be series connected to produce inductors of the required value. 

A circuit suitable for receivers with a 1-6MHz 1.f., based on the 
Franklin oscillator, is given in Fig.3, and coil types and padder 
capacitor values are scheduled in Table 3. 


PADDER CAPACITOR 


The padder capacitor is invariably connected into circuit in the 
manner shown for C2 in Fig.1la, as this simplifies range switching. 
(Coil and capacitor are controlled by the same switch bank.) 

With this arrangement, however, padder C2 and variable capaci- 
tor VCla form a capacitive tapping across L2, which changes with 
the setting of the tuning control, thereby increasing the variation in 
output voltage. Locating the padder in the position marked X on the 
circuit diagram avoids this, and if single band operation is all that is 
required, this is the preferred option. 

With the padder connected as shown, oscillator output on MW 
varies between 2:5V and 3-6V r.m.s. With the padder located in the 
alternative position, output changes by only 0-1V from 3-5V to 3-6V. 


ARMSTRONG AS SIGNAL 
GENERATOR 


The tuned gate Armstrong oscillator, together with the buffer 
stage described in Part 2 (Aug ’99), would make an excellent signal 
generator. Constructors wishing to use it in this way should substi- 
tute the coils listed for the r.f. stage, and delete the padder and trim- 

mer capacitors (C2, C3, and VC2). 
| The bottom end of coil L2 should, of course, be connected to 
ground (OV line). This will ensure continuous coverage from 
around 150kHz to 30MHz if a 365pF variable capacitor is used. 
Output coupling capacitor, C4, will have to be kept very small, and 
attenuation circuitry may have to be provided, in order to prevent 
the overloading of the buffer stage. 
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TABLE 1: 
Tuned-Gate F.E.T. Version of Armstrong Oscillator 
Tuned circuit components for r.f. and oscillator stages of a - 
superhet receiver with a 460kHz i.f. (See Fig.1) 
Oscillator Padder Range 
Coil L1/L2 C2 (pF) MHz 
Fig.1a Fig.1a 


LW CAN1A350EK RWR331208N2 150 0°14-0:3 


MW RWR331208N2 YMRS80046N 330 0°53 - 16 
W1 


S 154FN8A6438EK 154AN7A6440EK 680 1:5 - 4 


3°5 - 12 
10 - 30 


SW2 154FN8A6439EK 154AN7A6441EK 1500 
SW3 KXNK3767EK KXNK3766EK 2000 





Notes: 

(1) The quoted tuning ranges are approximate. The tuning capacitor 
should have a minimum capacitance of not much more than 10pF 
and a maximum capacitance of at least 300pF. 

(2) To improve tracking on the LW band only, a 56pF capacitor is 
connected across the r.f. stage tuned winding, L4. (C8 in Fig.1b). 
(3) To improve tracking on the LW band only, a 150pF capacitor is 
connected across the oscillator stage tuned winding, L2. (C3 in 
Fig.1b). 

(4) The coil reference numbers are for Toko inductors. 


MEISSNER OSCILLATOR 


Alexander Meissner’s valve oscillator represented an early 
attempt to increase the isolation of the tuned circuit from the 
maintaining device. In its original valve form, coil windings in the 
anode and grid circuits provide the necessary feedback, and a sep- 
arate tuned winding determines the frequency of oscillation. 
Coupling between the valve and the tuned circuit is, therefore, 
purely inductive. 

High r.f. voltages are developed across the tuned circuit in the 
output stages of transmitters, and the elimination of a direct con- 
nection with the valve reduces the risk of inter-electrode break 
down. Despite this advantage, the circuit fell out of use before the 
end of the valve era. 

Once again, the gradual shift from valves to transistors during 
the 1960s saw the re-introduction of Meissner’s circuit in the 
local oscillator stage of radio receivers. It seems to have been 
particularly suited to the then new, low impedance devices with 
their modest gains. Single transistor mixer/oscillators, using an 
adaptation of Meissner’s feedback system, became standard 
world-wide. 


MEISSNER OSCILLATOR - 
Bipolar Transistor Version 


Simple superhets invariably incorporate the front-end shown in 
Fig.2, where coils L3 and L4 couple transistor TR1 to the oscillator 
tuned circuit formed by LS and tuning capacitor VC1b. Base bias 
for TR1 is provided by resistors R1 and R2; and resistor R3, 
bypassed by C2, sets the bias voltage on the emitter (e). Signal 
input, via L1, is tuned by the combination of L2 and VC1a, and cou- 
pled to the base of TR1 via a low impedance tapping to avoid exces- 
sive damping on the resonant circuit. 

Long aerials are connected to the receiver via L1, again to min- 
imise damping. (The input attenuator VR2 shown in Fig.1b could be 
used to great advantage here.) Short whip aerials present a high 
impedance at frequencies up to 30MHz or so, and they are usually 
connected to the “hot” end of L2, through socket SK2. Connections 
to a ferrite rod aerial are shown in Inset A. 

Signal mixing (strictly speaking combining) takes place within 
TR1, and the required 460kHz output is selected by i.f. transformer 
IFT1. The tuned primary of this transformer is tapped to ensure a 
reasonable match with the collector circuit. Resistor R4 and 
capacitor C4 decouple the circuit from the supply line. 

Trimmers, VC2 and VC3, enable the minimum capacitances in 
the r.f. and oscillator tuned circuits to be matched, and C5 is the 
padder capacitor which modifies the frequency coverage of the 
oscillator stage. 


REWIND 

In order to simplify coil production, the emitter of TR1 is some- 
times connected to a tapping on the tuned winding. Whilst this 
arrangement compromises the best feature of Meissner’s oscillator, 
the feedback paths are the same. Commercially produced three 
winding coils are no longer available to the home constructor, and 


Everyday Practical Electronics/ETI, September 1999 


readers who wish to experiment with this circuit will have to either 
wind their own coils or adopt the emitter tapping modification so 
that standard Toko inductors can be used. 

Base connections for Toko coils are also given in Fig.2, and type 
numbers and padder values are scheduled in Table 2. Readers who 
wish to wind their own coils should give the collector winding 10 
per cent of the number of turns on the tuned winding up to 2MHz 
or so, then gradually increase the ratio to 25 per cent on the coils for 
the highest shortwave range. 

The emitter winding should have between two and three turns on 
all ranges. The three windings must be tightly coupled, and con- 
nected as shown in Fig.2. 


PERFORMANCE 


The circuit is effective in simple transistor radios where the 
swing of the tuning capacitor VC1 is usually less than 300pF and 
shortwave coverage does not extend much above 18MHz. However, 
oscillation is not likely to be maintained on the shortwave ranges 
when the tuning capacitor setting approaches 300pF. On the highest 
range (LOMHz to 30MHz), oscillation will probably fade when the 
tuning capacitor is set above 150pF. 

To avoid these problems, the oscillator in some early transistor 
radios ran at half the normal frequency on the highest shortwave 
range, and the second harmonic was used for mixing purposes. 
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Fig.2. The “classic” Meissner circuit for a 
transistor radio mixer/oscillator stage. 
Connections to a ferrite rod aerial are 
shown inset (A) and the use of tapped 
oscillator coils (instead of three-winding 
types) inset B. 
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SEE TABLE 2 FOR DETAILS OF COILS AND C5. 
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TABLE 2: 

Bipolar Transistor Version of the Meissner Oscillator 
Tuned circuit components for r.f. and oscillator stages of a simple 
superhet receiver with a 460kHz i.f. (See Fig.2 with Inset B for 
circuit diagram) 


Oscillator 
Coil L3/L5 


RWR331208N2 150 


R.F. Coil 
L1/L2 


Padder Range 
C5 (pF) MHz 


0:14 - 0:3 


Band 


W CAN1A350EK 


MW RWR331208N2 YMRS80046N 330  0:53-1°6 
S 680 


L 
W1 BKANK3333R BKANK3426R 1:5 - 4 
SW2 BKANK3334R KANAK3337R 1500 3:°5-12 


SW3 BKXN3335R MKANK3428R 2000 = 10-30 


Notes: 

(1) The quoted tuning ranges are approximate. The tuning capacitor 
should have a minimum capacitance of not much more than 10pF 
and a maximum capacitance of at least 300pF. A miniature poly- 
thene dielectric capacitor would be appropriate for this circuit 


(2) The coil reference numbers are for Toko inductors. 


Even this modest level of performance may prove difficult to 
achieve if TR1 emitter resistor R3 is not selected to suit the tran- 
sistor used. In the modified emitter circuit given in Inset B, the 
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value. of R3 has been reduced and a preset potentiometer, VR1, 
has been added in series with it so that the biasing can be 
optimised. 

Only one low cost transistor is used, and it is probably this, more 
than anything else, that has made the circuit so popular with radio 
manufacturers for almost 40 years. Readers who wish to experiment 
with simple superhets would be well advised to adopt the circuit 
based on the Armstrong oscillator, shown in Fig:1, or the adaptation 
of the Franklin given in Fig.3. 

Although field-effect transistors are more expensive, these circuits 
are more willing to oscillate with adverse L/C ratios, band switching 


In the original valve version, these capacitors were no more than 
IpF, and the oscillator was renowned for its low level of drift. To 
ensure reliable oscillation down to 150kHz with this wide-range 
f.e.t. version, the value of C4 and CS has to be increased to 10pF. If 
the circuit is to be used exclusively at higher frequencies and max- 
imum frequency stability is important, these components should be 
reduced in value until oscillation is only just maintained. 

This circuit is decoupled from the power supply by resistor R5 
and capacitor C8. Signal output is taken from the drain (d) of TR2 
via d.c. blocking capacitor C7. If the oscillator is to be used in a 
radio receiver, the output should be applied to gate 2 of the dual- 


is simpler, and performance is superior. 


FRANKLIN 
OSCILLATOR 


British radio engineer, Charles S 
Franklin, added an L/C tuned circuit to 
Abraham and Bloch’s multivibrator and pro- 
duced his oscillator. The tuning inductor 
comprises an untapped single winding, and 
range switching is considerably simplified. 

Waveform quality is acceptable for radio 
receivers and simple signal generators, but 
the output voltage varies with the setting of 
the tuning capacitor to a greater extent than 
is the case with some other circuits. 
Measures can be taken to regulate the out- 
put, but this is at the expense of more com- 
plicated range switching. 

Loading on the tuned circuit is very light, 
even with the transistor version, and this 
contributes to the good frequency stability 
for which the circuit is renowned. 

Operation below 100kHz or so tends to 
be erratic. The circuit will, however, oscillate 
up to 60MHz and beyond. 





FRANKLIN OSCILLATOR 


Involved for much of his working life with 
Marconi, C. S. Franklin was a prolific inven- 
tor. He originated the variable capacitor, 
ganged tuning, coaxial feeders and, of more 
direct interest to us here, a versatile oscillator 
that is renowned for its stability. 

His design involves the addition of an 
L/C tuned circuit to a capacitor coupled, 
i.e. an astable or free running, multivibra- 
tor. The multivibrator was first described 
in 1918 by two Frenchmen, H. Abraham 
and E. Bloch, and it is a matter of conjec- 
ture whether Franklin modified their 
concept or independently developed the 
whole circuit. 


FRANKLIN OSCILLATOR 
- F.E.T. Version 


The f.e.t. version of the Franklin oscillator 
is illustrated in Fig.3. Field-effect transistors 
TR1 and TR2 are configured as common 
source amplifiers with their drains and gates 
cross coupled by feedback capacitors, C3 and 
C4/C5, in the manner of Abraham and 
Bloch’s multivibrator. Resistors R1 and R4 
are the drain (d) load resistors and gate resis- 
tors R2 and R3 ensure correct biasing of the 
transistors. 

A free running multivibrator can be syn- 
chronised by injecting pulses at almost any 
point. Franklin connected a tuned circuit 
across the feedback path in order to fix the 
frequency of oscillation, one of the feedback 
capacitors being tapped to facilitate this. 

In Fig.3, the parallel tuned circuit formed 
by L1 and VC1 has a high impedance at res- 
onance. Because of this, feedback capacitors, 
C4 and C5, can be made very small and 
damping is kept to an absolute minimum. 
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gate MOSFET TR2 shown in the mixer stage in Fig. 1b. 


SIGNAL OUT 
- (APPRO' 
 OVRMS) 


Fig.3. Circuit diagram for a Franklin 
oscillator using an f.e.t. Can be used as 
the local oscillator in a superhet receiv- 
er in conjunction with the mixer stage 
shown in Fig.1b. If a wide coverage 
signal generator is required, delete C1, 
C2 and VC2 and connect coil(s) L1 
directly across tuning capacitor VC 1. 


—" SERIES 
CONNECTION 
_ (TO INCREASE 
INDUCTANCE) 





Fig.4. Connections to Toko coils listed 
in Table 3. 


TABLE 3: Field-Effect Transistor Version of the Franklin Oscillator 
Table of tuned circuit components for a superhet radio with a 1°6MHz if. 
(See Fig.3 for circuit diagram). 


Base C1 C2 C6 
wiring pF pF pF 


220 .” 


Range 
MHz 


0.16 - 0.45 


Oscillator 
coil L1 


LW 154FN8A6438EK B 74 39 
: (47+27) 


154FN8A6438EK B 110 
(100+10) 


mG | 
(330+5) 


B 950 
(680+270) 


1500 


Band 


MW 0.53 - 1.6 


KANSK4960EG A 


Sw 


SWw2 KXNK3767EK 


SW3 KXNK3766EK A 


Notes: 

(1) The quoted tuning ranges are approximate. The tuning capacitor should have a minimum 
capacitance of not much more than 10pF and a maximum capacitance of at least 300pF. 

(2) Fixed capacitors, C2, are connected across the oscillator coil, on Long and Medium Waves 
only, to improve tracking. 

(3) See Fig.1b for the circuit of the r.f. and mixer stages. Fixed capacitors, C2, are not con- 
nected across the r.f. tuned circuit on any range. 

(4) See Table 1 for details of the r.f. stage coils. 

(5)The coil reference numbers are for Toko inductors. See Fig.4 for details of the base 
connections. 
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It should be noted that J310 transistors will not work in this cir- 
cuit: 2N3819s should be used. 


FRANKLIN SUPERHET OSCILLATOR 


The tuning arrangements depicted in Fig.3 enable the circuit to 
be used as the local oscillator in a superhet receiver. Tuning coil L1 
has a single winding, and this makes it possible to series connect 
coils in the Toko range to create inductance values appropriate to 
the production of a 1-6MHz intermediate frequency. 

Padder capacitor C1 limits the swing of tuning capacitor VC1. 
Trimmer VC2 permits the matching of minimum capacitances in 
the r.f. and oscillator circuits, and C2 is required to ensure correct 
tracking only on the long and medium wave bands. Suitable Toko 
inductors and capacitor values are listed in Table 3. Oscillator coil 
connections are shown in Fig.4. 


REGULATING THE OUTPUT 


The output from Franklin’s circuit varies with the setting of the 
tuning capacitor to a greater extent than the Armstrong or Butler 
oscillators and, with swings of 1OpF to 365pF, the variation can be 
significant. (The impedance of the tuned circuit falls as the capaci- 
tance ratio is increased, and this reduces the level of feedback from 


the drain of TR1 to the gate of TR2, especially at low frequencies.) _ 


Output can be made more constant between 150kHz and 5MHz 
by connecting capacitor C6 (shown dashed) between TR2 drain and 
ground (OV). The improvement is particularly noticeable between 
150kHz and 450kHz, where the variation is from 1-25V to 4V r.m.s. 
without the capacitor, and 2-9V to 3-1V with the component in cir- 
cuit. If this capacitor is not provided, it may be necessary to 
increase C4 and C5 to 27pF to ensure oscillation down to 150kHz 
when the circuit is used as a signal generator. 

Including capacitor C6 will, of course, necessitate another switch 
bank, and this detracts from the extreme simplicity of the arrange- 
ment. However, the circuit will function perfectly well with the 
mixer stage shown in Fig.1b without this component. Used in a 
radio receiver with a 1-6MHz i.f., the lowest oscillator frequency is 
1750kHz when tracking a signal input of 150kHz. Fade at low fre- 
quencies is not, therefore, a problem. 


L.F. TRANSFORMER FOR 1°6MHz 


Toko do not list a 1-6MHz i.f. transformer, but one can be con- 
trived by tuning a medium wave r.f. coil with an external capacitor. 
The details are given in Fig.1b. The 1-6MHz i.f. output can be 
injected, via a short length of coaxial cable, into the aerial socket of 
a car radio tuned to the extreme h.f. end of the medium wave band. 
This combination forms a double superhet which, if properly 
aligned, is capable of quite a high standard of performance. 


WAVEFORM QUALITY 


Waveform quality varies with the setting of the tuning capacitor 
VC1. A perfect sinewave can be obtained when the values of C4 and 
C5 are as low as possible, consistent with reliable oscillation. A 
fairly high ratio of capacitance to inductance in the tuned circuit 
will make the selection of the feedback capacitors less critical. 

Only spot-frequency or narrow-band versions of the oscillator 
can be made to produce a perfect waveform in this way. Fortunately, 
radio receivers are tolerant of a measure of local oscillator wave- 
form distortion. 


FRANKLIN SIGNAL GENERATOR 

If Fig.3 is to be used as a simple signal generator, the output 
should be buffered; the amplifier described last month would be 
suitable. In view of the output level at low frequencies (approxi- 
mately 3V r.m.s.), it would be prudent to locate a switched attenua- 
tor between oscillator and buffer and gang it with the range switch. 
By this means a reasonably constant output could be ensured. 

Use the tuned windings of the coils listed for the r.f. stage when 
the circuit forms a signal generator. Readers who like to wind their 
own coils should refer to the first part of the series for details of a 
suitable range of inductors. 


EXTENDING THE RANGE 

Operation of the circuit becomes erratic below 100kHz. It will, 
however, oscillate above 100MHz with the appropriate tuned circuits. 

Constructors can hand-wind self-supporting coils for these fre- 
quencies, or purchase S18 type coils from the Toko range. Toko 
inductors for v.h.f. working were scheduled in connection with the 
Colpitts oscillator, and a Jackson 25pF C809 type variable capacitor 
would be suitable for tuning purposes. 
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The circuit displays an increasing reluctance to oscillate above 
35MHz unless a 22pF capacitor is wired in the C6 position. 


BUTLER OSCILLATOR 


Also known as the cathode-coupled oscillator, Frederick Butler 
developed his circuit whilst he was serving with the RAF during 
World War Two. He published details of it in 1944. 

The original design was, of course, based on the use of valves. It 
shares the advantage, with the Franklin, of only requiring a single 
winding, untapped coil. The tuned circuit is not, however, isolated 
from the active devices to the same degree. 

Variants of Butler's circuit sometimes form the basis of the oscil- 
lator stage in domestic radio i.c.s in order to simplify coil design 
and switching (e.g., the CA3123E and the TDA1083). 


BUTLER OSCILLATOR - 
Series Fed F.E.T. Version 


The Butler oscillator can be configured in either the series or 
shunt fed modes and a typical series fed arrangement, with 
field-effect transistors (f.e.t.s) as the active devices, is given in 
Fig.5. 

Configured as a source follower, f.e.t. TR1 has a high input 
impedance at the gate, and a low output impedance at the source. 
Grounded gate stage TR2 has a low input impedance at the source 
and a high output impedance at the drain. In this way, the circuit 
ingeniously ensures a good match for the direct coupling of the 
active devices and imposes minimum damping on the tuned circuit 
formed by L1 and VC1. 

The frame and moving vanes of VC1 are grounded for conve- 
nience, and the tuner is connected across the coil via bypass capac- 
itor C3. Output from the drain (d) of TR2 is coupled to the gate (g) 
of TR1 via feedback capacitor Cl. Signal output is developed 
across source resistor R2 and C2 acts as a d.c. blocking capacitor. 

Despite the indirect connection of the tuning capacitor, which 
places the supply voltage across its vanes, this circuit is to be pre- 
ferred to the shunt fed version depicted in Fig.6, which is more 
reluctant to oscillate at range extremes. 

Substituting J310s for the 2N3819 field-effect transistors increas- 
es the output but biasing is more critical and operation can be errat- 
ic. Readers wishing to try J310s should reduce the common source 
resistor R2 to 150 ohms. 

Output is pretty constant from 150kHz to 10MHz, but falls at 
higher frequencies when the ratio of tuning capacitance is high, and 
when 2N3819s are used. This fall in output is avoided when J310s 
are the active devices. 


Shunt Fed — F.E.T. Version 


The shunt fed Butler oscillator circuit depicted in Fig.6 is usual- 
ly adopted when there is a need to ground the tuning coil. With this 
version, the tuned circuit is connected to the high impedance gate of 
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Fig.5. Circuit diagram for a field-effect transistor (f.e.t.) 
version of the series fed Butler oscillator. 
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Fig.6. Circuit for a parallel (shunt) fed f.e.t. version of the 
Butler oscillator. 

TR1 and feedback is developed across an r.f. choke, L2, which acts 
as the drain load for TR2. 

Resistor R2 is a “Q” spoiler included to prevent the internal reso- 
nances of the choke triggering erratic operation. Even when this pre- 
caution is taken, there is a tendency for the oscillator to malfunction 
below 500kHz or so, and the circuit will not oscillate over the full 
swing of a 365pF capacitor on the 1OMHz to 30MHz shortwave range. 

Unless there is a compelling need to connect the tuning inductor to 
ground, the series fed circuit given in Fig.5 is much ‘to be preferred. 
However, between 500kHz and 15MHz, the shunt fed circuit works 
well, providing a reasonably constant output with a tolerable waveform. 


Series Fed - NPN Transistor Version 

Butler’s ingenious combination of a grounded grid (grounded gate 
or base with transistors) and a cathode follower stage (source or emit- 
ter follower) makes it possible for bipolar transistors to function well 
in this circuit. Configuring bipolar transistors in this way increases 
their normally low base and modest collector impedances, thereby 
limiting damping on the tuned circuit to the point where oscillation 
can be maintained, over a wide frequency range, and with reasonably 
large ratios of capacitance to inductance in the tuned circuit. 

A design based on npn transistors is given in Fig.7. It is very sim- 
ilar to the series fed f.e.t.. version given in Fig.5, but the biasing 
arrangements for the bipolar transistors are more complicated. 

The base (b) bias voltage for both transistors is set by the potential 
divider chain formed by resistors R1, R2 and preset VR1, the d.c. bias 
being applied to TR2 via signal isolating resistor R4. Emitter (e) bias is 
developed across resistor R3 and preset VR2. The inclusion of the pre- 
set potentiometers enables the biasing to be adjusted to accommodate a 
wide range of transistor types, and the compromise between output 
voltage and waveform purity can be optimised for a particular applica- 
tion. The base of TR1 is grounded at radio frequencies by capacitor C1. 

Tuning inductor L1 is connected in the collector (c) circuit of 
TRI, the grounded base configuration of this stage making the out- 
put impedance high enough to avoid excessive damping. Again, tun- 
ing capacitor VC1 is connected across the coil via decoupling 
capacitor C3. Capacitor C2 completes the feedback loop by linking 
the collector of TR1 to the base of TR2. 

Arranging TR2 as an emitter follower increases the base impedance 
of the stage. This enables the value of feedback capacitor C2 to be kept 
low, thereby minimising the damping on the tuned circuit. Resistor R5 
acts with C3 to decouple the circuit from its power supply. 

Signal output is taken from the “hot” end of the tuning coil via 
capacitor C4. Output can, alternatively, be taken from the coupled 
emitters via a low value blocking capacitor. Signal voltage at the 
emitters remains fairly constant between 500kHz and 15MHz, but 
there is a reduction in output on the highest shortwave range 
(10MHz to 30MHz) and below about 500kHz. 

Moreover, the quality of the waveform at the emitters is poor: a 
chain of rounded pulses which cannot be improved by adjusting the 
bias potentiometers. 
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Fig.7. Bipolar npn transistor version of the series fed Butler 
oscillator. 


Series Fed - PNP Transistor Version 

By substituting pnp transistors, it is possible to invert the circuit 
and connect the tuning inductor to a negative ground. Most small 
signal pnp transistors with a high enough fy will work in this circuit, 
but some, particularly medium power types, have high internal 
capacitances, and this limits the high frequency coverage for a given 
output voltage. (Coverage can be maintained by adjusting VR2, but 
signal output falls.) BC557s work well, and pnp transistors designed 
for r.f. working should be particularly suitable. 

Biasing, feedback and decoupling arrangements are identical to 
those adopted in the circuit using npn transistors. 

With appropriate tuned circuits, the bipolar transistor versions of 
Butler’s oscillator will function from 20kHz to above 60MHz. 
Purity of waveform is excellent if the bias potentiometers are adjust- 
ed to hold the output below 1V r.m.s. (approximately 3V peak-to- 
peak). 


MEASURING R.F. VOLTAGES 


Some means of detecting the presence, and assessing the magni- 
tude, of r.f. voltages, is essential when conducting experiments with 
oscillators. 

Conventional digital or analogue test meters will not measure 
voltages alternating at much above a few hundred Hertz. The addi- 
tion of a simple and inexpensive diode probe will, however, enable 
basic test meters to be used for the detection and measurement of r.f. 
voltages into the u.h.f. region. 


SEMICONDUCTOR DIODES 


Semiconductor signal diodes, which rectify the r.f. and produce a 
d.c. voltage which can be measured by conventional meters, are 
used in probes of this kind. Germanium diodes begin to conduct 
heavily at a lower voltage than their silicon counterparts (0-2V as 
opposed to 0-6V), and they are to be preferred for this purpose. 

If a probe is to be used with a moving coil meter, OA47 diodes 
will be found to produce a marginally greater output at very low 
voltages, but any germanium or Schottky diode should prove suit- 
able. Silicon signal diodes, e.g., the 1N4142, can be used success- 
fully if their reduced small-signal sensitivity is taken into account. 


R.F. PROBE FOR DIGITAL TEST 
METERS 


The circuit given in Fig.8a shows how the diode is connected in 
probes to be used with high input resistance digital or electronic test 
meters. The input resistance of instruments of this kind is usually 10 
megohms, and the diode must be shunt connected in order to main- 
tain sufficient current flow for the rectifying action to take place. 

The d.c. voltage developed at the diode’s cathode (k) is approxi- 
mately equal to the peak value of the applied a.c. voltage (i.e., 1-414 
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times its r.m.s. value). Resistor R1 forms a potential divider with the 
10 megohm input resistance of the meter to reduce the peak voltage 
to its rm.s. equivalent. (Strictly speaking, a resistor of 4-14 
megohms is required, but the reduced value offsets inefficiencies, 
particularly at low signal levels.) 

If the input resistance of the meter is less than 10 megohms, the 
value of R1 must, of course, be reduced proportionately to ensure 
an r.m.s. reading. 


R.F. PROBE FOR MOVING COIL 
METERS 


The low input resistance of moving coil meters, on the low cur- 
rent and voltage ranges, makes it possible to use the voltage dou- 
bling circuit given in Fig.8b in order to maximise sensitivity. 

Current flowing through diode D1 during the negative-going 
half-cycle charges capacitor C1 to the peak value of the applied rf. 
voltage. This is added to the voltage supplied by D2 during the pos- 
itive-going half-cycle, and approximately twice the peak value of 
the r.f. voltage is developed across C2, which removes residual r.f. 

Used in conjunction with this probe, inexpensive moving coil test 
meters become quite sensitive detectors of the presence of r.f. volt- 
ages. If regard is had to the gradual fall in efficiency below 0-5V or 
so, reasonably accurate estimates of the actual magnitude of the 
voltages can be made. 


CALIBRATION AND USE 


If desired, the probes can be calibrated, at 50Hz, against known 
a.c. voltages. Temporarily increase the value of capacitor C1 to 
100nF to avoid attenuation of the low frequency input before under- 
taking the calibration. 

The input impedance of the probes is sufficiently high to permit 
readings to be taken without excessive disturbance to the circuit 
under test. Remember, though, that the maximum reverse voltage of 
an OA47 diode is only 25V, and this limits the input to the probe. 
No problems should be encountered with the signal levels produced 
by the oscillators in this series. If a higher reading capability is 
required, substitute a diode with an appropriate PIV rating. 


Next month: Construction of a stabilised power supply and 
negative resistance oscillators will be covered. 


PROBE TIP 
R.F. IN 


D.C. OUT TO METER WITH 10MQ 
INPUT IMPEDANCE. (READING 
IS AN APPROXIMATION OF 


FLYING LEAD 
R.M.S. VOLTS) 


TO ‘GROUND’ OV 


a) FOR USE WITH HIGH-IMPEDANCE ELECTRONIC TEST METERS 


PROBE TIP C1 
R.F.IN 10n 


D.C. OUT TO MOVING COIL METER 
(READING APPROXIMATELY 
FLYING LEAD TWICE PEAK A.C. VOLTS) 


TO ‘GROUND’ 0V 


b) FOR USE WITH MOVING COIL METERS 
* SEE TEXT 


DIODE LEAD OUTS 


CABLE 
RESTRAINING 


BRASS ROD, THICK COPPER GROMMET 


WIRE ETC, AS PROBE TIP 


AUDIO SCREENED . 
CABLE CONNECTING 


BALL-POINT PEN CASE OR METAL OR PROBE TO METER 


PLASTIC TUBE WITH WOODEN PLUGS 


SHORT FLYING LEAD AND 
CROCODILE CLIP 


c) ASSEMBLY OF VOLTAGE-DOUBLING PROBE COMPONENTS 





Fig.8. Alternative r.f. probe circuits and suggested construc- 
tional details. 
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We can supply back issues of EPE and ETI (see panel) by post, most EPE issues from the past five years are available. An EPE index 
for the last five years is also available - see order form. Alternatively, indexes are published in the December issue for that year. 


ELECTRO sl we are unable to provide a back issue a photostat of any one article (or one part of a series) can be purchased for the same 
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PROJECTS @ Simple Metal Detector @ Single 
or Dual Tracking Power Supply @ Experimental 
Piezo-Cable Projects — Distributed Microphone 
— Vibration Alarm @ RC-Meter. 

FEATURES e@ Ingenuity Unlimited e@ Patent 
Your Invention @ TEACH-IN ‘98 — 6 @ Circuit 
Surgery @ Net Work @ Techniques - Actually 
Doing It e EPE PIC Tutorial Supplement 2 


MAY ‘98 Photostats Only 


PROJECTS e Dice Lott @ Security Auto-Light 
@ Stereo Tone Control plus 20W Stereo 
Amplifier @ Improved Infra-Red Remote 
Repeater. 

FEATURES @ TEACH-IN ’98 —- 7 @ Net Work e@ 
EPE PIC Tutorial Supplement 3 


JUNE ‘98 


PROJECTS @ EPE Mood Changer @ Simple 
SW Receiver @ Atmel AT89C2051/1051 
Programmer @ Reaction Timer. 

FEATURES e@ 8051-based EEPROM 
Microcontrollers @ TEACH-IN ‘98 - An 
Introduction to Digital Electronics — 8 @ Circuit 
Surgery @ Techniques —- Actually Doing It @ 
Ingenuity Unlimited 








JULY ‘98 





PROJECTS e PIC16x84 Toolkit @ Noise Cancell- 
ing Unit @ Low Battery Indicator ¢ Greenhouse 
Computer — 1. 

FEATURES @ Using the L200CV Voltage 
Regulator @ TEACH-IN ‘98 - 9 ® Ingenuity 
Unlimited @ Circuit Surgery @ Net Work. 


AUG ‘98 


PROJECTS e@ Lightbulb Saver @ Float Charger 
e PC Transistor Tester @ Greenhouse Com- 
puter — 2 @ Time Machine Update. 

FEATURES e@ TEACH-IN ’98 - 10 @ Circuit 
Surgery @ Techniques - Actually Doing It @ 
Ingenuity Unlimited. 


SEPT ‘98 


PROJECTS @ Mains Socket Tester @ Personal 
Stereo Amplifier @ Greenhouse Radio Link @ 
PIC Altimeter. 

FEATURES e TEACH-IN ‘98 - 11 @ Ingenuity 
Unlimited @ Circuit Surgery @ Interface @ Net 
Work @ Crocodile Clips Review. 


OCT ‘98 


PROJECTS e@ Voice Processor @ Digiserv R/C 
Channel Expander @ Reliable Infra-Red Remote 
Control @ PC Capacitance Meter. 

FEATURES @ Easy PCB Making @ Using LM335 
and LM35 Temperature Sensors @ Circuit 
Surgery @ Ingenuity Unlimited @ Net Work. 


NOV ‘98 


PROJECTS e PIC Tape Measure @ T-Stat 
Electronic Thermostat — 1 @ PhizzyB Computers 
— 1 @ 15-way Infra-Red Remote Control. 
FEATURES e Circuit Surgery @ Ingenuity 
Unlimited @ New Technology Update @ Net 
Work - The Internet @ Easy PC for Windows 95 
Review @ FREE EPE CD-ROM No.1. 
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DID YOU MISS THESE? 


DEC ‘98 Photostats Only 


PROJECTS e EPE Mind PiCkler-1 @ Fading 
Christmas Lights @ Handheld Function Gener- 
ator @ Damp Stat Electronic Thermostat @ 
PhizzyB Computers-2. 

FEATURES e PhizzyB Computers—2 Under- 
standing Computers @ Circuit Surgery @ In- 
genuity Unlimited @ Index @ FREE 48-page 
Understanding Passive Components booklet. 


JAN ‘99 

PROJECTS @ Alternative Courtesy Light Con- 
troller @ Twinkle Twinkle Reaction Game e 
Volume Compressor @ PhizzyB Computers-3 @ 
EPE Mind PICkler-2. 

FEATURES e@ New Technology Update @ From 
Russia With Love @ Circuit Surgery @ PhizzyB 
Computers—3 @ Net Work. 








PPh tastiae! 
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VOLUME 
COMPRESSOR 


FEB ‘99 

PROJECTS e PIC MIDI Sustain Pedal @ Light 
Alarm @ Wireless Monitoring System-1 ¢ 
PhizzyB Computers-4. 

FEATURES @ Ingenuity Unlimited @ Scolar 
Project @ PhizzyB Computers-4. 


MAR ‘99 

PROJECTS @ Smoke Absorber @ Auto Cupboard 
Light @ PhizzyB Computers-5 @ Time and Date 
Generator @ Wireless Monitoring System-2. 
FEATURES @ Ingenuity Unlimited e 1|/ITSEC 
Show Report @ PhizzyB Computers-5 @ Practi- 
cally Speaking @ Circuit Surgery @ Net Work. 


APRIL ‘99 


PROJECTS @ Mechanical Radio @ Voice Record/ 
Playback Module @ Versatile Event Counter e 
PhizzyB Computers-6 @ Ironing Board Saver. 
FEATURES @ Ingenuity Unlimited @ PIC16F87x 
Microcontrollers @ PhizzyB Computers-6 @ 
MAX761 D.C. to D.C. Converter @ Interface @ 
Circuit Surgery @ Net Work @ FREE 48-page Basic 
Soldering Guide booklet. 














MAY ‘99 

PROJECTS @ MIDI Handbells @ A.M./F.M. Radio 
Remote Control @ PhizzyB Computers—7 @ PIC 
Toolkit Mk2-1. 

FEATURES e PC Engines - From 4004 to 
Pentium Ill @ Ingenuity Unlimited @ Practically 
Speaking @ PhizzyB Computers-7 e@ Circuit 
Surgery @ New Technology Update @ Net Work 
e@ FREE pull-out 7400 series Pinout Data Chart. 


JUNE ‘99 

PROJECTS e@ Clipping Video Fader (Starter 
Project) @ PC Audio Frequency Meter @ 
Musical Sundial @ PIC Toolkit Mk2-2. 
FEATURES e@ Alan Dower Blumlein @ Circuit 
Surgery @ Interface @ PhizzyB Computers-8 @ 
Ingenuity Unlimited @ Edison 3 Review @ Net 
Work — The Internet. 


JULY ‘99 


PROJECTS @12V Lead-acid Battery Tester @ 
L.E.D. Stroboscope @ EPE Mood Picker @ 
Intruder Deterrent. 

FEATURES @ Practical Oscillator Designs-1 
@ Practically Speaking @ Circuit Surgery @ 
Ingenuity Unlimited e New Technology Update 
@ Net Work — The Internet. 
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PROJECTS @ Ultrasonic Puncture Finder @ 
Magnetic Field Detective @ Freezer Alarm @ 
8-Channel Analogue Data Logger-1 ® Sound 
Activated Switch. 
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Power Generation from Pipelines to Pylons—-1 @ 
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Technology Update @ Interface @ Net Work - 
The Internet. 
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Ravensbourne College 
of Design and Communication 


Courses in 
Broadcast Technology 


The television industry needs 

qualified broadcast engineers to fill 

the large number of jobs available in * 
the industry. The practical courses 
offered at Ravensbourne can give 

your career in television a kick-start. 


Edexcel NC Broadcast Engineering 


lf you are 16 or over, this 1 year NC 
course provides a unique route into 
HE courses in broadcast technology. 


Edexcel HND Digital Technology 


A 2 year HND for students over 18, 
which prepares you for a career in 
broadcast engineering with a 

TV company or facilities house. 


Places still available for September 1999 


Call now for an information pack 
and application form 
0181 289 4970 





DISTANCE 
LEARNING COURSES in: 


Analogue and Digital Electronics 
Circuits, Fibres & Opto-Electronics 
Electronic Testing & Fault Diagnosis 
Programmable Logic Controllers 
Mechanics and Mechanisms 

GCSE and BTEC Mathematics 


’* Courses to suit beginners 

and those wishing to update 

their knowledge and practical skills 
Courses are delivered 

as self-contained kits 

No travelling or college attendance 
Learning is at your own pace 
Courses may have 

BTEC Certification and Tutoring 








For information contact: 

NCT Ltd., P.O. Box 11 

Wendover, Bucks HP22 6XA 

Telephone 01296 624270; Fax 01296 625299 
Web: http://www.nct.ltd.uk 
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C.C.T. V BOARD CAMERAS FROM £19.95 


MINIATURE C.C.T.V. CAMERAS FROM TOP USA 
MAKER. IDEAL FOR COVERT SURVEILLANCE OR 
SECURITY USE IN SHOPS, OFFICES AND 
PRIVATE HOMES. CONNECTS TO ANY TV OR 
VIDEO IN SECONDS — OPTIONAL CABLE ETC. 
AVAILABLE. OUR 1993 PRICE FOR THIS CAMERA 
WAS £385!! HUGE RECESSION IN ELECTRONICS 
INDUSTRY HAS SLASHED THESE PRICES TO 
RIDICULOUS LEVELS! THESE ARE USA MADE - 
NOT CHEAP CHINESE MODELS. READY BUILT 
WITH LENS ETC. BRAND NEW 1999 STOCK — FULL 
12 MONTH GUARANTEE. WORKS FROM 9V-PP3 
BATTERY OR OUR CAMERA PSU AND CABLE KIT 
SHOWN BELOW. 






















ONLY 29mm x 29mm 







Audio Model add £5.00 9 “PELICAIONS: 
1/3in. image sensor SURVEILLANCE 
with 288 x 352 pixels. ‘ 
Auto iri : MACHINE MONITORING, 
uto iris. 270 lines. 6V 
NANNY WATCHING, 
to 12V D.C. 30mA. STAFF THEFT 


icles sib hen wide BIRD OBSERVATION, 


ETC. 
Pinhole Lens add £2. BRITISH PAL SYSTEM. 









LOTS OF 10 

(Each) £19.95 
LOTS OF 5 £21.50 
LOTS OF 2 £23.95 
SAMPLE £25.95 
Add P&P £3 ANY ORDER 
VAT INCLUDED 






















SECRET SPY CAMERAS 
MICRO SIZE 16mm x 16mm 
JAPANESE CCTV TECHNOLOGY REDUCES THE 


SIZE FOR EASY CONCEALMENT. 
PLEASE ADD £2 TO ABOVE 29X29MM PRICES 












e Camera PSU and Cable Kit 
“Se . A total solution for pow- 

ering and connecting to 
our range of board cam- 












# CAMERA 


1/3in. CCD BOARD CAMERA 
WITH AUTO BACKLIGHT 

COMPENSATION 

128 STEP ELECTRONIC IRIS 
AND 380 TV LINES 

RESOLUTION. 

320,000 PIXELS AND 0-2 LUX 

LEVEL GIVES REMARKABLE 

CRYSTAL CLEAR PICTURES 

32mm (w) x 32mm oes 20mm (h) 

MAPLINS PRICE £79.99 


OUR PRICE £35.95 
3-6mm WIDE ANGLE LENS 
ADD £5 AUDIO 


= tains a quality plug-in 
— mains adaptor and a 
20m pre-wired cable. 
* One end of the cable 


























SR as * audio phono plug, a 
video phono p' plug and a DC power socket. The lead from the mains 
adaptor is plugged into the DC socket and either the SCART plug or 
om and video phono plugs are plugged into your TV, monitor or 
MAPLINS PRICE £24.99. OUR PRICE £12.50 


CAMERA CASING WITH SWIVEL 
WALL BRACKET TO TAKE ANY OF 
OUR BOARD CAMERAS £3.50 


LASER POINTERS 


Professional model fires a small red laser dot 
over 250 metres. Built into executive ballpoint 
pen with case and batts. 

List 239.95 NOW £10.00 


Gold-plated Keyfob model 


LIST £29.95 now £9.00 
Multi Keyfob with 5 tips fires a dot, horizontal 
line, star, arrows and circle 


List £41.26 Now £12.00 
Add £3 p&p any quantity. 


(Only sold to schools or tradesmen — no minors under 21) 


1/4in. COLOUR CCD 


CAMERAS 
Japanese Twinboard '/gin. CCD and DSP 
(digital signal processor) colour CCTV 
boards with popular 3-6mm wide angle lens. 
High specification 290,000 pixels, electronic 
iris, 330 TV lines and LUX levels 2. 12V DC. 
Use with our camera PSU and cable kit (see 
above). Size 32mm x 32mm. 
















































Lowesr PACE QO) add 25.00 


VISONIC RADIO TRANSMITTER/RECEIVER SETS 


Comprises smart remote control normally used as a panic button or medical 
alert for the elderly. Causes receiver to open or close a circuit thereby trig- 
gering a siren, automatic garage door or other device until button is released. 
Range 35m indoors, 100m outdoors. 9V PP3 batt. included. DT! approved 
1340 licence exempt. MRP £47.85 set. Boxed with full instructions. 


SAMPLE SET £15.90, 2 SETS £29, 5 SETS £62 


ULTRAGUARD POLYCARBONATE BELLBOXES. 


White. 15in. x 10in. lassoo-proof shape with crime prevention label. 118 decibel 
horn siren, flashing Xenon strobe, Nicad back-up batteries and full anti-tamper 
system all factory fitted and sealed. 12V PSU supplied. Can be triggered by 
simple bell-push, any alarm panel or the Visonic set shown above. 


MRP £41.87. NOW £16 + £3 PP. 


ee A. S. A. (Est. 1979) Order Hotline 
_ 51 Cambridge Road 01642 851256 
Middlesbrough Fax: 


TSS SNL 01642 823173 
















ALL GOODS ARE BRAND NEW 
AND PERFECT. BULK BUYERS 
PLEASE ASK FOR JOHN. 
PRICES INCLUDE VAT. 

£3 PP. ANY SIZE ORDER 
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Constructional Project === 





DATA LOGGER ~ 


JOHN BECKER 






Part 2 


The new HICTEFES/7 microcontroller offers versatile 


analogue data logging opportunities. 


H 


If you have a signal generator (one that 
can output a waveform whose min-max 
peaks lie between OV and +5V — even a 
square wave will do), couple it into channel 
1 (SK1). Set the generator for its lowest 
possible rate, ideally of much less than the 
1Hz sampling rate about to be selected. 

Alternatively, you could connect a 
potentiometer (10kQ lin, say) across the 
+SV/OV rails and connect its wiper to 


AVING discussed the circuit and 
constructional details last month, we 
now describe how to use the Data 
Logger and view its recordings. 


PROGRAMMING 


THE PIC 

To program IC1 using PIC Toolkit Mk2 
(May and June ’99 issues), connect the 
CLK, DATA, MCLR and OV pins on the 





(Actually, if the Data Logger is connect- 
ed to the PIC Toolkit Mk2 board at this 
time, Reset mode can be entered by just 
pressing and releasing Toolkit’s Reset 
switch (S1) while Data Logger S3 is 
pressed, which avoids having to power 
down and then up again. The action resets 
the PIC’s internal program counter, as also 
occurs when power is switched on.) 

Immediately power is switched on, the 


Data Logger board (near top centre as 
shown in Fig.2 — last month) back to the 
RB6, RB7, MCLR and OV pins (in that 
order) on the Toolkit Mk2 board. 

Switch on power to both units. From the 
Toolkit Mk2 software, select main menu 
Option 1 — Configure PIC Factors. 

Accept the first three default options (XT, 
WDT no, POR yes), select the ’F87x option 
instead of the ’84 option, then accept the 
remaining defaults, through to and including 
sending the configuration data to the PIC. 

The PIC’s configuration register bits 
affected are shown in Table 2. The data is 
read from left to right, bit 13 to bit 0. A full 
explanation of the bit functions is given in 
the PIC16F877 data sheet. 

Now call up Toolkit Mk2 main menu 
Option 2 (Program PIC with TASM 
Binary code), key in DATLOGO1 and 
send the data to the PIC as instructed on 
screen. 

Note that PIC Toolkit Mk1, PIC Tutorial 
and P/Ctutor cannot supply the full config- 
uration data required by the PIC16F87x 
devices and that their program handling 
capacity is 1023 bytes (the Data Logger 
program is in excess of that length). 


SECOND CHECKS 


With the programmed PIC in-situ, and 
with the power off, insert all the remaining 
i.c.s. As said last month, not all the memo- 
ry chips IC5 to IC11 need to be used, just 
insert those you want in ascending numeri- 
cal order position. Connect the l.c.d. and 
set the wiper of preset VR1 fully anti- 
clockwise. Switch off S1 (Run/Stop). 
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software should recognise that S3 is 
pressed and the l.c.d. should display the 
information shown in Photo 1. 


channel 1, adjusting the rotation while 
sampling. 

As a last resort, just connect a temporary 
link between the Data 
Logger’s +5V_ supply 
and channel 1. 

Switch on power 
again, and _ double . 
check that +5V still - 
exists on the output of : 
regulator IC2. Look at 
the l.c.d. and check that 
seemingly meaningful 
data is shown on its 
screen — never mind the actual content at 
the moment just check that something is 
there on both lines. Adjust VR1 to change 
the contrast if preferred. 

Switch off the power again, and wait a 
few seconds before following the actions 
for the next stage — Reset. 


RESET 
Sample Counter Reset 

With switch S3 (Reset) pressed, switch 
on the power and look at the I.c.d. Now 
release S3 (but don’t touch any of the 
switches again until we’ve explained mat- 
ters a bit further). 

Note that the Data Logger’s Reset mode 
can only be entered in this fashion, i.e. at 
switch on. 





PCRS FS ae isbi sasksh 





Photo 1. Reset mode screen, phase 1. 

The l.c.d. screen should show RATE=.5 
on the top line. This is the default rate at 
which samples will be taken unless you set 
it otherwise (as in a moment). It means that 
all eight data channels will be sampled as a 
group once every half-second. 

In the lower l.c.d. line, the words 
COUNTER RESET will be seen. It means 
exactly what it says, the sample counter has 
been reset, to zero. 


Sample Rate Changing 

At this point in the Reset procedure, you 
can change the sampling rate. Press switch 
S2 (Up) once; the rate will be seen to 
change to 1 — one sample group (all eight 
channels) per second. Press again to show a 
Rate of 2 — one sample group every two 


Table 2. Configuration setting for the PIC16F877. 
CP1 CPO DBG NIL WRT CPD LVP BOR CP1 CPO POR WDT OS1 OSO 


1 1 1 1 0 0 1 1 0 0 0 1 
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seconds. Keep pressing a few times more 
and note that each press increases the peri- 
od between each batch of eight samples by 
one second. The maximum period between 
samples is 62 seconds, about 10 days-worth 


of continuous data sampling, if you wish it’ 


and have the 24LC256 chips installed! 

The Rate counter setting is bi-directional 
— up or down. Down-counting is controlled 
by switch S3 (Down). Press it and observe 
the sampling Rate descending. Once you 
reach RATE=.5 again, the next press of S3 
will roll the internal counter over to 63, but 
instead of seeing RATE=63, you will see 
the statement RATE=EXT. In this mode the 
sampling rate is determined not by the soft- 
ware’s controlling clock routines, but by 
any digital signal (+5V/OV) fed into the 
Data Logger at socket SK10. 

For the moment, return the sample rate 
to show RATE= 1. 


Maximum Sample Quantity Setting 

Even though you may have installed 
memories of considerable data storage 
capacity, there are times when you might 
wish to leave the Data Logger running 
unattended but want to restrict the number 
of samples that it can take before you 
return. 

This is where the next phase of the set- 
ting up will be useful, setting the maximum 
count limit. Switch S1 (Run/Stop) on to 
enter this phase. 

To the right of I.c.d. line 1, the message 
M= followed by a value will be seen. Letter 
M stands for Memory and the value is like- 
ly to be 16384 (although this may differ the 
first time the program is run). The value is 
the maximum count that can occur on this 
setting before the sampling is automatical- 
ly ceased. 

To reduce the count limit, press S3 
(Down). At each press, the count limit will 
be lowered by a factor of two. The order is 
16384, 8192, 4096, 2048, 1024, 512, 256, 
FREE RUN, and then rolls over back to 
16384 etc. In reality, the actual limit for the 
first seven values is always one byte less 
than that shown — the software is written to 
detect when the counter, which is incre- 
mented after each sample, reaches the limit 
set, and then refuses to take any more. 

Pressing switch S2 increases the count 
limit selected. 

Be especially aware that if you set a 
count limit which is greater than the capac- 
ity of the memory chips you have used, 
once the sample count has reached the 
chip’s capacity, the chip’s own counter will 
roll over to zero and start over-writing the 
previously recorded data. This, though, 
could be beneficial in some sampling situa- 
tions where the signal data you want to 
record could occur at any unexpected time. 

This is the purpose of the FREE RUN 
setting, which does not impose a maximum 
limit and sampling goes on and on indefi- 
nitely until you stop it. 


Photo 2. Typical I.c.d. display following Reset. 





Leave the count limit set on 16384. Now 
switch off S1. 

When in Reset mode, if you do not want 
to change any of the parameters but just 
reset the sample counter, simply switch S1 
through its two-phase sequence, returning 
to the Run/Hold mode. 

Note that the Reset function does not 
actually reset the serial memory chips to 


hold zero values. This action would seri- 


ously shorten the lifetime of the devices, 
which is about 100,000 write cycles (there 
is no limit to the number of read cycles). 


RUNMW/HOLD MODE 


The act of switching off Sl when in 
Reset mode phase 2 terminates the Reset 
mode and puts the Data Logger into its 
Run/Hold mode. Had you not entered the 
Reset mode by pressing S3 while switching 
on power, Run/Hold is the mode that would 
have been entered instead. 

The I.c.d. screen now shows the Rate and 
count limit on the top line, and line 2 shows 
the message HOLDING AT 00000, the 
zeros confirming that the sample counter 
has been reset. Photo 2 shows the l.c.d. in 
this condition. 

Simultaneously with S1 being switched 
off, the new rate, sample limit and count 
values are stored in the PIC’s internal EEP- 
ROM memory. The first two are retained 
there until you initiate the Reset sequence 
at some future date. (The count value will 
be updated from time to time as described 
shortly.) 7 

To start sampling, just switch on S1 
(Run/Hold). 

After a very brief pause, sampling starts 
and its progress is displayed on the l.c.d. 
On the far left of the top line is shown the 
channel number whose sampled data is dis- 
played immediately to the right of it. On 
the right of the top line the elapsed time is 
shown in HH:MM.SS format, on a 24-hour 
basis. It increments at one second intervals, 
irrespective of the sample rate selected 
(except in EXT CLK mode, see later). 

The elapsed time counter is always reset 
when power is first switched on. 

The sample data value shown on the top 
line is that immediately received from the 
analogue-to-digital converter, prior to it 
being stored in the serial memory. If a sig- 
nal generator is being used the value could 
be any between 0 and 1023. If a +5V link 
provides the data voltage, the value will be 
about 1023. 

The value of 1023 is 
the maximum value 
that the 10-bit ADC 
sampling will produce aa 
when the channel is at 
the same voltage as the [® 
ADC’s internal upper | 
reference voltage. The | 
minimum possible 





Photo 3. Typical I.c.d. display during sampling. 


READ BACK 


Following storage of the data, it is read 
back and displayed on line 2, prefixed by 
the letter R (for Read). Provided that a 
memory chip has been installed for the 
channel on display, this number should be 
the same as the one on the top line. 

However, if the channel does not have a 
memory chip installed, the value displayed 
on line 2 will be 65535. This is because the 
memory routine has found nothing but 
logic 1 on the data line when each bit for 
that memory location is read. It is the pres- 
ence of resistor R22 that causes this result, 
pulling the data line high. 

At the moment, with channel 1, you 
should see identical sample and replay val- 
ues on the top and bottom lines. 

You will also observe that the clock 
counter is busy incrementing, as is the sam- 
ple counter at the right of line 2. A typical 
screen display is shown in Photo 3. 

To stop the sampling, switch off $1. If 
you watch carefully, when you switch off 
S1, the sample counter fairly rapidly 
increments by five counts. This action 
places zeroes in the next five memory 
locations, an aid to later determination 
(when the data has been transferred to the 
computer) of where sample batches start 
and end. 

When the five zeros have been written, 
the sampling process for this batch has 
ended and l|.c.d. line 2 shows the message 
HOLDING AT, followed by the current 
count number. 

Additionally at this point, the software 
stores the current count value in the PIC’s 
own internal EEPROM memory, and this 
value is retained even after the Data Logger 
has been switched off. It is recalled when 
the Logger is switched on again, although 
the value shown then will be one higher 
than that on display at the moment of 
power switch off. 

Switch off the power, wait a few seconds 
and switch on again. The software now 
retrieves the last-used Rate, count limit and 
sample count values from its EEPROM 
memory, and displays them on the l.c.d. 
The message that should greet you on this 
occasion is RATE= 1 M=16384 on the top 
line, with line 2 showing HOLDING AT 
followed by the count value retrieved. 
Photo 4 shows a typical screen. 

To start sampling once more, switch on 
$1, switching it off again when you want to 





value is zero, for a OV Photo 4. Typical I.c.d. display when first switching power on 


input. 
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after a previous batch of data has been sampled. 
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4 
| 
) 








| binary file. 

| (There are additional 
notes as a text file with 

= the software — these 
should be read through 
your text editor.) 

The 10-bit data sam- 


Photo 5. Typical I.c.d. screen during data transfer to PC, the ples are transmitted by 


baud rate is confirmed as 9600. 


stop sampling. Try it. Then we’ll tell you 
about viewing the other channels. 


CHANNEL VIEWING 


With the Logger running, briefly press 
switch S2. Within one second (the rate of 
sampling) the switch status will be read and 
the channel number on display will be 
incremented. Release S2 when the number 

changes to indicate channel 2. 

. On the top line, the sample value should 
show zero since this channel does not have 
a signal source connected, only the OV con- 
nection via its pull-down resistor. 

If you have a memory in location ICS, 
the bottom line should show a value of 
zero. If the location is empty, though, a 
value of 65535 will be seen (as explained 
earlier). 

Press S2 again, but this time keep it 
pressed. Each time a sample occurs, the 
channel displayed will increment, up to 8 
and roll over to 1. Pressing S3 instead will 
decrement the channel number. 

It is important to note that all eight chan- 
nels are always sampled as a batch, irre- 
spective of which channel is on display. 

Note also that the current channel num- 
ber on display is not stored in EEPROM 
memory and will always default to channel 
1 when power is first applied. 

When you have finished sampling, 
switch off S1. 


MEMORY FULL 


When a limit has been imposed on the 
sampling count and that limit has been 
reached, sampling ceases and the l.c.d. 
advises on line 2 that a MEM FULL condi- 
tion exists. 

The only action that can be performed 
when the memory is full is to transfer the 
data to the PC. When you see the message, 
switch off S1. You may also switch off the 
power, since even on power-up the full 
memory condition is recognised. 

To clear the full memory condition, the 
Reset sequence has to be performed during 
power up. 


TRANSFER TO PC 


Data can be transferred to the PC com- 
puter at any time that S1 is switched off 
(except in Reset mode). 

The Data Logger’s serial data acquisition 
program that is run on the computer is cen- 
tred around a machine code routine the 
author has written specifically for the 
Logger. It is accessed from Basic (QBasic 
or QuickBASIC), which also does all the 
formatting and sending of the processed 
data to the hard disk. 

The machine code configures and reads 
the computer’s internal serial registers via 
interrupt calls. Its source code can be read 
as a text file, DATLOGO1.J. It was written 
for the shareware A86/D86 (8086 et al) 
assembler, which generated the loadable 
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the Data Logger as two 

8-bit bytes each limited 
to a maximum value of 127, plus Stop bit. 
The computer’s internal interrupt routine 
receives the data as an inverted byte of 
twice the value transmitted. The software 
inverts and reformats the data to its original 
value as stored in the serial memory chips. 

From the MS-DOS screen, enter the 
directory in which your QBasic or 
QuickBASIC software is held. . 

If you are using QuickBASIC, type 
QB/L to load QuickBASIC complete with 
its library routine that allows Basic pro- 
grams to be run with the associated 
machine code program. 

With QBasic (which has its own 
machine code access facility built in), just 
type QB. 

From within the loaded Basic, load the 
Data Logger program DATLOGO1.BAS. 


COM PORT SETTING 


Near the head of the program you have 
the option to set which PC COM port is to be 
used. Find the statement in which the 
variable COMPORT% is given a value 
(COMPORT% =). To use COM port 1 set 
COMPORT% = 0. To use COM port 2 set 
COMPORT% = 1. If you now resave the 
program, that same COM port value will be 
the one selected each time you run the 
program. 

Immediately the program is run (starting 
it in the usual way for Basic), the author’s 
serial-reading machine code routine is 
automatically loaded. The Basic program 
then enters that routine and waits for the 
serial data from the PIC to start being sent. 

To start sending data to the PC, press 
switch S2 (Up/Send) — S1 must be 
switched off for the software to recognise 
that S2 is pressed. 

Once S2 has been pressed, the PIC’s 
software first sends six zero value bytes 
and then proceeds to read and transmit all 
the stored data from each memory in turn, 
starting at channel 1 (see Photo 5). The 
double-byte (word) 
data for each sample is 
sent as LSB (least sig- 
nificant byte) first, 
with each bit being 
sent in ascending 


order from bit 0 to 7. - ‘THEN Pte 


ALL EIGHT Pie 
CHANNELS Beis 

All eight channels i otc 
will be read even 
though some may not 


have memories 
installed. However, 
when the’ software 


detects the value of 
65535 (as produced 
from an empty memo- 
ry location, the routine 


| DATLOGO1.COM 





Normally, for installed memories, the 
same quantity of samples will be sent as the 
number of samples taken since the Data 
Logger was last reset (i.e. from sample 0 
upwards). When FREE RUN is selected, 
the software attempts to read back from 
16383 memory locations, but terminates 
that channel if a memory is uninstalled. If 
memories having a lesser capacity than 
16384 samples (less than 256 kilobits) are 
installed, their contents will be read more 
than once — intelligent inspection of their 
PC files must be applied to find the start of 
duplication. 


TERMINATION CODE 


When the last sample from each channel 
has been sent, a termination code is sent, 
consisting of two bytes each having a value 
of 127. The next channel is then transmit- 
ted, until all eight have been dealt with. 

Each time the machine code recognises 
the termination code of a channel, the routine 
returns to Basic and the block of sampled 
data is output to the hard disk as a binary data 
file named C:\PICLOG\DATLOGx.DAT, 
where x is the channel number. (Directory 
C:\PICLOG is created during program 
installation.) 

When each channel has been read, the 
computer screen shows the values of the 
first nine samples received for that channel. 
When all eight channel blocks have been 
saved to disk, they are each recalled and 
their first and last ten samples are dis- 
played. Photo 6 shows a typical display. 


TEXT FILES 


Next, the same .DAT binary files are 
again recalled in turn and eight new files 
are created, each holding the sample values 
as individual numbers expressed in 
text format. The files are named 
C:\PICLOG\DATLOGx.TXT, where again 
x is the channel number. - 

A third stage follows in which all eight 
.TXT files are opened simultaneously and a 
composite single file, C:\PICLOG\DAT- 
LOG10.TXT, is created in which the values 
of each channel are combined into lines of 
eight columns separated by a TAB charac- 
ter (ASCII 9). This suits the file for input to 
Microsoft Excel for subsequent graphing 
and analysis (more on this later). _ 

The .TXT files can (probably) also be 
read by any word-processing program. MS- 
DOS EDIT is well suited to this. 


See IS 
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for reading that chan-- Photo 6. Typical PC screen display during serial data input 


nel is terminated). 


from the Data Logger. 
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V-SCOPE FORMAT 


That’s not all — four more files are now 
created, suited for display using the Virtual 
Scope (Jan. and Feb. ’98) software (you 
only need the software, the hardware is not 
required). 

Each file holds the data for two channels, 
the pairs are 1/2, 3/4, 5/6, 7/8 and the files 
are named 0110000x.Y00 where x is a 
value of 0 to 3 in order of each pair of chan- 
nels. These files are stored in the same 
directory in which your Basic program 
resides. 

The apparently unusual file names (orig- 
inally intended to be date and time related) 
allow the files to be accessed and viewed as 
oscilloscope-type traces through the V- 
Scope’s Directory facility. They may be 
manipulated in the same way as any other 
V-Scope files. 

Once the V-Scope files have been creat- 
ed, the transfer process is complete and you 
can come out of Basic in your usual way. 

So, then, if that selection of data file 
options doesn’t suit you, nothing will! (But 
do tell the author via EPE if he’s wrong on 
this point, and make practical suggestions.) 

A final point on the files, however: the file 
names used are fixed in the software. It is sug- 
gested, though, that in normal use of the Data 
Logger, you rename the recorded files to 
those of your choice, allowing fresh batches 
of sampled data to be imported without over- 
writing the previous batch. It is preferable that 
the same extension names should be retained 
(especially with the V-Scope files). 


VIEWING VIA EXCEL 


Microsoft’s Excel software offers an 
excellent way in which the Data Logger 
data can be examined and graphically dis- 
played. The following is one way in which 
it can be used (determined from the 
author’s Excel 7). 

From the Windows desk-top display 
(“main menu’’) perform the following steps 
(all “‘clicks”’ are left-hand mouse button 
clicks unless stated): 


Open My Computer (double-click) 
Open [C:] drive (double-click) 
Open MS Office (double-click) 
Open Microsoft Excel (double-click) 
In Excel, open File menu (top left) 
Click Open 
Click arrow to right of My Documents 
panel 
Click on [C:] 
Open PICLOG directory (double-click) 
Click arrow to right of Files of Type 
panel 
Click Text Files 
Select DATLOG10 (double-click) 
The file is now loaded and Text Import 
Wizard screen displayed 
@ Click Finish (bottom right) 


This last action formats and displays the 
DATLOG10.TXT file as eight columns of 
numerical data with a row count corre- 
sponding to the sample count. At the head 
of each column is also displayed some tex- 
tual information. Box 1 states the number 
of samples (N =) for that column. Boxes 2 
and 3 just show zeros. Box 4 states the 
Logger channel number. Box 5 shows the 
sample rate that applied when the recording 
was made. The final box in the column sim- 
ply states END. Now do the following: 





Photo 7. Typical Excel graph display of data recorded during first examination of the 


Data Logger. 


@ Click box in column 1 row 5 (box 5A) 

@ Hold down shift key 

@ Press cursor down arrow 

@ Allow cursor to scroll down the rows, 

with the selected boxes being high- 

lighted 

Stop scrolling on last box before the 

word END (if you go too far, press 

cursor up key instead) 

@ Release cursor key but keep shift key 
pressed 

@ Press cursor right key once to highlight 
column 2 as well 

@ Release shift key 


In one of the panels above the tabulated 
data an icon showing a graph should be 
seen — its position and style has been found 
to be slightly different between computers. 
(If it is not on display, click on View in the 
top line then click on Chart to make a tick 
mark. Click OK then proceed as now 
described.) 


@ Click the small arrow immediately to 
the right of the graph symbol. 

@ From the graph selection revealed, click 
on the waveform-like image 

@ Shift the cursor arrow (which now looks 
like a graph symbol) over the high- 
lighted data area and click to reveal the 
Chart Wizard box 

@ Click on Finish 


A coloured graph of the data in columns 
1 and 2 now appears, representing the 
values of the first two channels of data you 
have recorded. 

Only the line for channel 1 should show 
waveform changes, representing the instan- 
taneous values captured from the signal 
generator waveform (or just a straight line 
near the top if a +5V link was used). Photo 
7 shows a typical example. 

Channel 2 should be represented by a 
constant value of zero (this should be the 
case whether or not channel 2 has a memo- 
ry chip installed). 

The height and width of the graph can be 
changed by positioning the mouse cursor 
on one of the corners of the graph box so 
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that a “diagonal” cursor appears. Hold 
down the mouse left-hand button and drag 
the cursor in any direction, the box size and 
shape will change accordingly. 

All four box corners can be used in this 
way, plus midway-points on the box sides. 
The box can be extended way beyond the 
limits of the screen area. To end the re- 
sizing, release the mouse button. Keyboard 
scroll and pan keys can now be used to 
examine various parts of the graph. The 
graph can also be moved around by 
click/hold somewhere within it and drag- 
ging to a new position. 

The data and graph can be jointly print- 
ed to paper via the Print option of the File 
menu (top left). Just the graph on its own 
can printed too — explore the tool bar 
options to find out how. 

To clear the graph, right-click the mouse 
over it and select Clear from the revealed 
menu. 

There are many functions that Excel can 
perform, including all sorts of manipula- 
tions of the data and displays. But this mini 
intro to Excel is not going any further. 
Explore for yourself! 


SUNDIAL MONITORING 

If you have built the Musical Sundial 
(June ’99), it is an ideal subject on which to 
use the Data Logger in a real-life situation. 
Although not stated in the Sundial text, it 
can be very easily coupled to the Logger 
and monitored either at a rate set by the 
Logger, or as triggered by the Sundial 
itself. 

Hopefully, you will have seen in 
Sundial’s Fig.4 (bottom right) the reference 
to its test switches being used with the 
Logger. In which case you simply make 
connections between Sundial switches and 
Logger as shown now in Fig.3. 

When Sundial’s switches S4 and S5 are 
switched off, two voltage sources are rout- 
ed to the Logger. S5 routes the I.d.r. voltage 
(relative to the level of sunlight illuminat- 
ing the sensor) at the output of the multi- 
plexers IC1 and IC2 to Logger channel 1. 
S4 routes one of the multiplexer selector 
lines (DA7) to channel 3 and provides a 
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TP5 OV +5V TP1 


SET S4 AND S5 OFF 


SUNDIAL 


Dx - 1N4148 
Cc 


1C4 PIN 10 (RB4 
(OPTIONAL - SEE TEXT) 





Fig.3. Connections between the Musical Sundial and Data from _ the 


Logger. 


sync marker relative to Sundial’s 16-step 
cycle. 

Monitoring of when Sundial goes into 
one of its several musical modes can be 
monitored directly from the speaker LS1, 
but requires the temporary addition of a 
1N4148 diode (Dx) and a 100nF capacitor 
(Cx), as shown in Fig.3. These two compo- 
nents rectify the signal level present on the 
speaker when an audio signal is being out- 
put. The rectified signal is input to Logger 
channel 2. 


AFTER-THOUGHT 

After EPE went to press with Sundial, the 
author decided to allow its software to gen- 
erate a trigger pulse on RB4 suited to use as 
the Logger’s external clock. To this end, an 
RB4 pulse is generated at the start of each of 
Sundial’s 16 sampling steps, allowing each 
sensor’s voltage to be synchronously moni- 
tored through the full cycle. 

It is recognised that you may have 
already sealed your Sundial’s p.c.b. and can 
no longer gain access to its pin RB4 (IC1 
pin 10), in which case this synchronous 
monitoring option is not available to you. 
However, if you can get to RB4, link it to 
the Logger at its external clock input 
(SK10). 

To monitor Sundial synchronously, set 
the Logger’s rate value to EXT. When run- 
ning, the positive-going pulses from 
Sundial RB4 will cause the Logger to sam- 
ple the respective I.d.r. voltage at each 
cycle step, plus the voltage present on the 
multiplexer control line. The start of this 
pulse going high signifies the start of 
Sundial’s cycle. Sundial’s audio output is 
not monitored in this mode. 

For non-synchronous monitoring of 
Sundial, set the Logger’s sampling rate to 
any value you fancy, but a one-second rate 
is probably best for a trial run through. In 
this mode, it can never be accurately deter- 
mined which lI.d.r. is actually being moni- 
tored at the point of sampling, but the data 
can still provide a good indication of 
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DATA LOGGER PCB 


prevailing sunlight 
conditions. The multi- 
plexer pulse voltage 
will be recorded at 
each sample but is 
really of little value 
when you come to 
analyse the recording. 

What does become 
interesting, though, is 
the recording of the 
audio output in relation 
to sunlight conditions. 
It is even possible (with 
a bit of practice) to 
recognise when the 
hours are being marked 
(chimes, pips and full 
tune), and when the 
“Sun’s _ brightening”’ 
and “Sun’s going”’ 
mini-themes are played. 

The time at which 
these events occur 
can be calculated 
sample 
count value at that 
point on the graph in 
relation to the known 


SK1 TO SK9 
SEE TEXT 


sampling rate. 

When graphing the recording through 
Excel, highlight columns 1, 2 and 3. If your 
recording is very lengthy it might be best to 
examine it in sections. 

An example display of data recorded 
from the Sundial is shown in Photo 8. 


DATA SHEETS 

The full data sheets for the Microchip 
devices used in the Data Logger are avail- 
able from Microchip: PIC16F87x family, 
code DS30292A, serial EEPROM memo- 
ries: DS21203D (24LC256), DS21191C 
(24LC128), DS21189B (24LC64), 
DS21162C (24LC32). There are three ways 
to obtain them from Microchip: as down- 
loads from their web site, from their fully 


inclusive CD-ROM (all products data and 
applications info), or as individual booklets. 
For further information contact Arizona 
Microchip Technology, Microchip House, 
505 Eskdale Road, Winnersh Triangle, 
Woking, Berks RG41 STU. Tel: 0118 921 
5858. Fax: 0118 921 5835. Web: 
http://www.microchip.com. 
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MINI PIC TUTORIAL 


Those of you who are interested in pro- 
gramming PICs are recommended to read 
the Mini PIC16F 87x Tutorial which is to be 
published next month. It discusses how to 
use some of the options offered by the 
PIC16F877 and, by implication, the other 
three PICs in this family, the ’873, ’874 and 
’876. All four devices were discussed in the 
PICI6F87x Review. [] 








Photo 8. Example of data recorded from the Sundial and graphed by Excel. 
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An interesting photo-sensitive amplifier comes under scrutiny in this month’s round- 
up of readers’ queries. Our resident team offers a new definition of P.M.P.O. ratings 
and a maths-intensive approach to R.M.S. values. 


IS month’s column is somewhat 

maths-intensive but we hope there’s 
something for everyone, starting with a 
Straightforward query from a reader 
involved with car electrical systems. 


Transducer User 

I’m more of a car mechanic than an elec- 
tronics engineer and need help using piezo 
sounders in various car projects. I under- 
stand these sounders need a “driver” 
circuit, could you explain? 

I would also like to use 3mm and 5mm 
l.e.d.s on the 12V supply but I am unable to 
find the correct resistor. I have a good 
understanding of car electrics but am a bit 
lost with some _ electronics! John 
Learmonth, Catrine, Ayrshire. 


Piezo (pronounced either “peet-zo”’ or 
“pee-ayt-zo”) sounders are solid-state 
transducers which can be used as alarm 
tone generators as well as high-impedance 
microphones. They fall into two cate- 
gories: a piezo transducer is nothing more 
than a disk of piezo ceramic material, and 
it is this which requires a separate driver 
circuit (in the same way, a loudspeaker will 
not make a warning sound unless you drive 
it with a suitable audio signal.) 

What you need is a piezo buzzer, or 
piezo siren, which is a completely self- 
contained unit that will generate a warning 
tone as soon as a supply is connected. It 
already contains the driver circuit, and 
some will produce an ear-splitting sound. 
They are readily available from good mail- 
order vendors, but be sure to choose a 
buzzer and not a “dumb”’ transducer. There 
are some practical details in Circuit 
Surgery, May 1997. 


Light Work 


Typically, a “forward voltage’’ of about 
2V appears across a correctly-biased l.e.d. 
when illuminated. You must, therefore, 
“drop” the remaining 10V (of your car 
electrics supply) by using a series resistor, 
which must be of a suitable value to limit 
the current to the required level (say, 
10mA to 25mA) as well. How this is 
achieved is explained in Fig.1. 


However, the most practical way of util- 
ising l.e.d.s for what you’re doing is to buy 
the type which has a built-in series resistor. 
They can be bought for 5V and 12V oper- 
ation from some mail-order suppliers. 
Light-emitting diodes are not always much 
use on car dashboards, though, as they can 
be “washed out’? by direct sunlight. 
(ARW.) 


Photo-sensor de 


LENS 
(FRONT) 


Some time ago I 
used the 2N5777 
Photo-Darlington | 
transistor which now 
seems to be obsolete. 
Is an equivalent avail- 
able? P. Jenkins, 
Liverpool. poet 

Yes it does appear to 
be obsolete — I have 





extremely sensitive, relying on the energy 
imparted by incidental light onto the semi- 
conductor junction to “trip” the device into 
conduction. (Old germanium transistors 
performed the same way, whether you 
liked it or not. The glass-bodied OC71 
transistor was painted black and could be 
converted into a simple phototransistor by 


IC1 


TSL250 


OUTPU 
'OUT (LOW WHEN DARK) 
© 


ri in stock os ats Fig.2. Simple light-to-voltage converter circuit using the 
anging on to it: thas Texas TSL250 visible light sensor chip. 


a completely transpar- 
ent TO92 body and was a popular choice 
of photo-sensor ten years ago. 

An old 1995 Cricklewood Electronics 
catalogue lists them at £5.50 even then! An 
alternative would be the MEL12 photo 
Darlington transistor (Maplin) which has a 
high gain and will probably be every bit as 
good. 


Photo-Darlington transistors are 


| = 10mA (0-01A) 
+12V 


(12V - 2V) 
nO 
= 1kQ 


OV 
(CHASSIS) 


Fig.1. Calculation of a typical series 
resistor if using an l.e.d. on a 12V car 
electrical supply, assuming 10mA 
forward current. 
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scraping away the paint! Hence, I think, 
the OCP71, a very early photo-transistor.) 

Texas Instruments offers an interesting 
range of CMOS light-to-voltage converters 
including the TSL250 (for visible light — 
the TSL260s are tuned for infra-red). They 
are housed in transparent single-in-line 
three-pin packs containing a 1mm square 
photodiode and amplifier behind a lens, all 
on a single monolithic i.c. The output volt- 
age is directly proportional to the inciden- 
tal light level. They are very easy to set up 
and they operate from 2-7V to 5-5V at 
10mA absolute maximum load. 3 

A practical light sensor circuit, which 
outputs a voltage that is. proportional to 
ambient light, is shown in Fig.2. I mea- 
sured about 3-4V output at maximum 
brightness, down to 300mV in near 
darkness. 

All that is needed is, say, a comparator or 
Schmitt trigger and you have an instant 
snap-action switch without the trial-and- 
error biasing arrangement that is often asso- 


‘ciated with photo-Darlington circuits. The 


TSL250 range is also useful for data recep- 
tion systems, or by using them to measure 
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light reflected from an object, a simple 
proximity sensor may be constructed. 

Data sheets can be had from Farnell’s 
free data sheet service (tel. 0113 231 
0160). Farnell also sell the devices, e.g. the 
TSL250 I tested (code 460-898) is £1.87 + 
VAT, minimum credit card order is £10. 

Another product from Texas seems to 
have gone the same way as your 2N5777, 
Mr. Jenkins — I couldn’t find the useful 
TSL220 voltage-to-frequency chip listed 
anywhere. (ARW) 


R.MLS. — Stand by for the 
Maths 


We received a number of queries relating 
to the subject of audio amplifier power 
output and volume. We hope the following 
covers most of the concerns addressed by 
these readers — our reply gets a bit mathe- 
matical in places but we have aimed to 
describe the concepts so that readers who 
dislike maths can just ignore the equations! 

If you have any difficulties understand- 
ing it please let us know and we will try to 
help. There are also some nifty little maths 
books available from bookstores, including 
the Collins Pocket Gem series which act as 
a useful memory aid for rusty mathemati- 
cians everywhere. 


How can I make the output of a 555 
timer, drive an 8 ohm 11W speaker at full 
power from a 12V rail without any com- 
plex audio amplifier i.c. or circuitry? The 
output from pin 3 of the 555 is a short- 
duration (3 second) tone of about 300Hz. 
The maximum I can obtain is 5V a.c. which 
equates to roughly 3 watts. P. Male, Worcs. 


Before we answer this specifically we 
need to discuss what we mean by “power”’ 
when dealing with a.c. waveforms, and 
also make some comments on measuring 
a.c. signals. The power in watts dissipated 
in a resistor when a constant (d.c.) voltage 
is applied is easy to calculate. It is simply: 


P=IV=PR=V2/R (1) 


This calculates the dissipation in watts 
for a resistor R (ohms) with a voltage V 
(volts) across it and a current / (amps) 
flowing through it. Any of the three equa- 
tions can be used, depending on which cir- 
cuit values are known. 

When we have any form of varying volt- 
age or current (that is, an a.c. waveform) 
the situation is more complicated. The case 
usually considered is that of a sinusoidal 
varying voltage, or sinewave. This is a sig- 
nal which changes in time in accordance 
with the mathematical sine function (see 
Fig. 3). 


On Average 

The power dissipated in a resistor driven 
by a sinewave varies from instant to instant 
in accordance with the equations given 
above. However, we often need to know 
what the average power dissipated over a 
period of time actually is. 

This is not simply a matter of taking the 
average voltage or current — it is zero for a 
sinewave, but practical experience quickly 
demonstrates that a resistor will get hot if 
an a.c. source of sufficient magnitude is 
connected across it — so the resistor’s aver- 
age power is obviously not zero! In fact, 
the heating effect produced in a resistor 
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traditionally forms the basis of how we 
define power for non-d.c. signals. 

To work out the power for an arbitrary 
cyclic waveform, we need to add up all the 
“contributions” for instantaneous power 
and average them over the cycle. To find 
the average height of a number of people 
you would measure the height of each, add 
up all the heights and then divide by the 
number of people. 

To find the average power of an a.c. 
waveform, it would seem to follow that we 
take /?R for each “instant”? of the wave- 
form, add them all up and divide by the 
number of instants. Unfortunately, there 
are an infinite number of instantaneous 
power values — the current varies continu- 
ously, unlike our “people example” where 
there are a finite number of individuals. So 
we have to use a special mathematical 
technique called integration to find our 
average power. 

The average power dissipated in a resis- 
tor, R, for a cyclically varying current, /, 
over the cycle time T of a waveform is 
given by the equation below. We integrate 
(indicated by the symbol /) the waveform 
over one cycle (0 to 7) to add up all the 
“instantaneous contributions” and divide 
by T to get the average. The dt in the equa- 
tion represents an instant of time (7). 


P= fi2 Rat (2) 
0 


1 
T 


If we compare this formula with P=/2R 
for a d.c. signal we can find a value of d.c. 
current which would give the same heating 
effect (power dissipation) as i averaged over 
one cycle. This is obtained by dividing the 
above equation by R and taking a square 
root (if this is hard to follow note we would 
get / if we did the same to /?R , which is our 
d.c. power value). The result is: 


fi T.. 
! DCequivatent = T fi dt (3) 
0 


This means that P = RxIpceguivaient. This 
equivalent current is called the Root Mean 
Square or r.m.s. value of the a.c. current. 
Observe that the current is being squared 
(i2 in the equation), averaged by integration 
and division by T (hence mean) and square- 
rooted (the V in the equation) — which is 
where the name comes from. We can define 
an r.m.s. voltage in the same way. 

If we have a_ sinewave _ then 
=D eqSin(2tt/T) where t is time and [pea, 
is the peak value of the a.c. current. Now 
we have to do some more maths — substi- 
tute the sinusoidal current equation in 
equation 3 and perform the integration. We 
will not go into the details here, but we get 
I DCequivatent ca peak! v2 or 0-707I peak: 


+ 


TIME 


Fig.3. A sinewave, so called because 
of its mathematical sine function. 


This is a formula that may be well 
known to many readers — to find the r.m.s. 
value of an a.c. voltage or current, divide 
peak value by the square root of 2. The 
ratio of a waveform’s peak value to its 
r.m.s. value is known as the crest factor. 
The crest factor is V2 for sinewave. 

At this point it is worth noting that mains 
electricity voltages are usually quoted as 
r.m.s. values. For example, an actual 230V 
a.c. (the UK mains voltage) implies a peak 
value of 325V a.c. or 650V peak-to-peak. 
The r.m.s. value is quoted because people 
are usually interested in heating effect, 
light output, or power consumption in gen- 
eral when dealing with the mains. 

From our equations it should be evident 
(even if the actual calculation is a bit diffi- 
cult) that if the waveform is not a 
sinewave, then when we apply equation 3 
to get the equivalent current we will not 
get the same answer. The formula /pys = 
0-707I peak 1S Only true for pure sinewaves. 
For any other wave shape we have to apply 
equation 3 from scratch. 


Watts On 


This brings us back to the problem posed 
by the reader. Let us assume that the output 
of the 555 (or the driver circuit) is a 50 per 
cent duty-cycle square wave switching 
between OV and 12V (this may be not be 
exactly the case, but it will serve our pur- 
poses). This waveform is nothing like a 
sinewave, so what is the r.m.s. value of the 
voltage? 

Fortunately, in this case (now we under- 
stand the principles involved) the situation is 
simple enough to bypass equation 3. The 
average heating effect of the waveform is 
intuitively half that of 12V d.c. — our square 
wave is like a 12V d.c. signal which is only 
on for half of the time. So the r.m.s. voltage 
is 6V. If this was applied directly to an 8 ohm 
load the power would be 62/8 or 4-5W. 

It is also worth noting that a 6V peak 
sinewave (i.e. 12V peak-to-peak) would 
dissipate 2-25W in 8 ohms. A 12V peak 
sinewave (you would need a dual rail 
+12V supply to handle this) would deliver 
9W into 8 ohms. These figures should indi- 
cate why the reader is having difficulty, 
and why power amplifiers often have large 
supply voltages. For a given maximum 
drive voltage, the power can be increased 
by reducing the load resistance (e.g. using 
a 4 ohm speaker instead of 8 ohm) if the 
drive circuit is able to cope. 

It is not clear how the values were mea- 
sured in the circuit. Measuring a.c. signals 


' using meters poses some problems. 


Traditional moving-coil a.c. meters 
respond to the average of the absolute 
value of the current (known as the rectified 
mean) but are calibrated to show the r.m.s. 
value for a pure sinewave. (An 
“absolute”? value simply means ignoring 
the sign, for example, the absolute values 
of +2 and —2 are both 2.) 

Such meters will not give accurate read- 
ings for signals other than pure sinewaves, 
however, it is possible to calculate correc- 
tion factors for other waveshapes. 
Particular care must be taken if measuring 
a.c. waveforms with d.c. components (i.e. 
containing a d.c. offset voltage — perhaps 
an a.c. signal swinging around a d.c. bias 
voltage rather than OV) as the d.c. part may 
influence the measurement. 
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It is also possible to use a “true r.m.s.” 
converter, and these may be incorporated 
into digital multimeters. You can purchase 
r.m.s. to d.c. converter chips which give a 
d.c. output proportional to the true r.m.s. 
value of the input waveform. Some of 
these chips are quite expensive (over £20), 
but the SSM2110 from Analogue Devices 
is only around £7, for example. 


Measuring Up 

Returning again to the reader’s query, 
our calculations above assumed a 12V 
square wave (equal to the supply) signal 
applied to the load, however it was stated 
that only 5V a.c. was obtained. We do not 
know how this was measured (i.e. if this is 
a meter reading, or the peak value of a 
square wave). The low value may be due 
to measurement error as the waveform is 
not sinusoidal, or due to the driver circuit, 
or a combination of the two. 

For the driver circuit we basically need a 
switching device capable of handling 1-5A 
(12V into 8 ohms) so a typical low voltage 
power transistor should do the job. A suit- 
able Darlington driver should be able to 
achieve this, particularly as the 555 timer 


can sink or source up to 200mA. It there-’ 


fore seems likely that the problem is with 
the measurement of the output power or 
interpretation of the power available. 
(IMB). 


Powerless to Help 

At the same time, we received a relat- 
ed query from a Malaysian reader ask- 
ing: “Can you tell me the differences 
between the P.M.P.O and r.m.s? I found 
the first terms on most hi-fis and the 
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latter used in the 20W Stereo Amplifier 
published in May, 1998. It seems that 
both words are related to the output 
power of an amplifier, but I don’t under- 
stand the differences between them and 


how to calculate the P.M.P.O.’. N. J.: 


How, Malaysia (by E-mail). 


The term P.M.P.O. stands for Peak Music 
Power Output and is often seen embla- 
zoned on consumer electronics — stereo 
systems, CD players etc. — sold in the High 
Street. The problem with p.m.p.o. figures 
is that they only indicate the maximum 
power that can be output for a very short 
time (usually less than one second) so the 
figure does not really relate to sustained 
loudness over normal listening periods. 
Multimedia loudspeakers are a good 
example, with 240W to 300W p.m.p.o. 
being quoted. 

On the other hand, the r.m.s. figure for 
an audio amplifier or loudspeakers gives 
the continuous power that can be handled 
— which does directly relate to “perceived 
loudness’’. Although p.m.p.o. figures 
sound impressive and manufacturers love 
to quote them, they do not really mean 
much. 

There is no agreed industry standard for 
p.m.p.o. nor is there an accurate way to 
relate it to r.m.s. figures. A rule of thumb 
some people use is to divide p.m.p.o. by a 
factor to get an approximate r.m.s. figure, 
but we have seen values from 2 to 20 
quoted for this factor! 

Quoting p.m.p.o. figures can be very 
dubious, and may be measured at unac- 
ceptably high distortion levels, and more 
impressive-looking still, “total p.m.p.o.” 


ratings can be classed as the sum of the 
two stereo channels combined (usually 
rm.s. per channel is quoted on stereo 
amplifiers). Furthermore, what does 
“music power” mean? Music signals are 
very variable. R.M.S. is usually (and 
should be) quoted for a pure sinewave at a 
low output distortion value. 

In general, if audio equipment specifica- 


tions quote a p.m.p.o. figure and no r.m.s. 


value you should be wary. Maybe p.m.p.o. 
should stand for Pretty Meaningless 
Power Over-exaggeration. (RMS — Rated 
More Sensibly? — ARW). (IMB.) 


* In August 1999 Circuit Surgery, P. 6/4, 
fourth paragraph, the text should read: 
“The value of R2 must be large enough to 
prevent excessive current flowing in TR1’s 
collector.’ 


CIRCUIT THERAPY 


Circuit Surgery is your column. If you 
have any queries or comments, please 
write to: Alan Winstanley, Circuit Surgery, 
Wimborne Publishing Ltd., Allen House, 
East Borough, Wimborne, Dorset, BH21 
1PF, United Kingdom. E-mail 


alan@epemag.demon.co.uk. Please indi- 


cate if your query is not for 
publication. A personal reply Ha, 
cannot always be guaranteed ote 
but we will 

try to pub- 
lish = rep- | 
resentative = 
answers in 
this column. 





EPE BINDERS 


KEEP YOUR MAGAZINES SAFE — RING US NOW! 


This ring binder uses a special system to allow the issues to be 
easily removed and re-inserted without any damage. A nylon strip 
slips over each issue and this passes over the four rings in the 
binder, thus holding the magazine in place. 

The binders are finished in hard-wearing royal blue p.v.c. with the 
magazine logo in gold on the spine. They will keep your issues 
neat and tidy but allow you to remove them for use easily. 

The price is £5.95 plus £3.50 post and packing. If you order more 
than one binder add £1 postage for each binder after the initial 
£3.50 postage charge (overseas readers the postage is £6.00 
each to everywhere except Australia and Papua New Guinea 
which costs £10.50 each). 

Send your payment in £’s sterling cheque or PO (Overseas read- 
ers send £ sterling bank draft, or cheque drawn on a UK bank or 
pay by credit card), to Everyday Practical Electronics, Allen 
House, East Borough, Wimborne, Dorset BH21 1PF. Tel: 01202 
881749. Fax: 01202 841692. E-mail: 
editorial@epemag.wimborne.co.uk. 

Web site: http://www.epemag.wimborne.co.uk 

(We cannot reply to queries or confirm overseas orders by Fax 

due to the cost.) 


We also accept credit card payments. Mastercard or 
Visa (minimum credit card order £5). Send your card 
number and card expiry date plus cardholder’s 
address. 
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ELECTRONICS COURSE SOFTWARE 


(published by Everyday Practical Electronics) 

Alan Winstanley and Keith Dye B.Eng(Tech)AMIEE 

This highly acclaimed EPE Teach-/n series, which included 
the construction and use of the Mini Lab and Micro Lab 
test and development units, has been put together in 
book form. Additionally, EPT Educational Software have 
developed a GCSE Electronics software program to com- 
pliment the course and a FREE DISK covering the first two 
parts of the course is included with the book. 

An interesting and thorough tutorial series aimed speci- 
fically at the novice or complete beginner in electronics. 
The series is designed to support those undertaking either 
GCSE Electronics or GCE Advanced Levels, and starts 
with fundamental principles. 

If you are taking electronics or technology at school 
or college, this book is for you. If you just want to 
learn the basics of electronics or technology you must 
make sure you see it. Teach-/n No. 7 will be invaluable 
if you are considering a career in electronics or even 
if you are already training in one. The Mini Lab and 
software enable the construction and testing of both 
demonstration and development circuits. These learn- 
ing aids bring electronics to life in an enjoyable and 
interesting way: you will both see and hear the electron 
in action! The Micro Lab microprocessor add-on system 
will appeal to higher level students and those develop- 
ing microprocessor projects. 


160 pages £3.95 





ELECTRONICS PROJECTS 

USING ELECTRONICS WORKBENCH FREE 
lus FREE CD-ROM CD-ROM 
. P Horsey 


This book offers a wide range of tested circuit mod- 
ules which can be used as electronics projects, part of 
an electronics course, or as a hands-on way of get- 
ting better acquainted with Electronics Workbench. With 
circuits ranging from ‘bulbs and batteries’ to complex 
systems using integrated circuits, the projects will appeal 
to novices, students and practitioners alike. 

Electronics Workbench is a highly versatile computer 
simulation package which enables the user to design, test 
and modify their circuits before building them, and to plan 
PCB layouts on-screen. All the circuits in the book are 
provided as runnable Electronic Workbench files on the 
enclosed CD-ROM, and a selection of 15 representative 
circuits can be explored using the free demo version of 
the application. 

Contents: Some basic concepts; Projects with switches, 
LEDs, relays and diodes; Transistors; Power supplies; 
Op.amp projects; Further op.amp circuits; Logic gates; Real 
logic circuits; Logic gate multivibrators; The 555 timer; 
Flip-flops, counters and shift registers; Adders, comparators 
and multiplexers; Field effect transistors; Thyristors, triacs 
and diacs; Constructing your circuit; Index. 


227 pages £14.99 


A BEGINNER’S GUIDE TO MODERN ELECTRONIC 
COMPONENTS 

R. A. Penfold 

The purpose of this book is to provide practical informa- 
tion to help the reader sort out the bewildering array of 
components currently on offer. An advanced knowledge 
of the theory of electronics is not needed, and this 
book is not intended to be a course in electronic theory. 
The main aim is to explain the differences between 
components of the same basic type (e.g. carbon, carbon 
film, metal film, and wire-wound resistors) so that the 
right component for a given application can be selected. 
A wide range of components are included, with the 
emphasis firmly on those components that are used a 
great deal in projects for the home constructor. 


170 pages £4.99 


The books listed have been selected by Everyday Practical 
Electronics/ETI editorial staff as being of special interest 
to everyone involved in electronics and computing. They are 
supplied by mail order to your door. Full ordering details are 


given on the last book page. 


FOR ANOTHER SELECTION OF BOOKS SEE 
THE NEXT TWO MONTH'S ISSUES. 


Note our UK postage costs just £1.50 no matter how 
many books you order! 


Computing 





WINDOWS 95 EXPLAINED 

P. R. M. Oliver and N. Kantaris 

If you would like to get up and running, as soon as possible, 
with the new Windows 95 operating system, then this is the 
book for you. 

The book was written with the non-expert, busy person in 
mind. It explains the hardware that you need in order to run 
Windows 95 successfully, and how to install and optimize 
your system's resources. It presents an overview of the Win- 
dows 95 environment. 

Later chapters cover how to work with programs, folders 
and documents; how to control Windows 95 and use the 
many accessories that come with it; how to use DOS pro- 
grams and, if necessary, DOS commands and how to com- 
municate with the rest of the electronic world. 


170 pages Order code BP400 £5.95 
INTERFACING PCs AND COMPATIBLES 
R. A. Penfold 


Once you know how, PC interfacing is less involved than 
interfacing many eight-bit machines, which have tended to 
use some unusual interfacing methods. 

This book gives you: A detailed description of the lines 
present on the PC expansion bus. A detailed discussion of 
the physical characteristics of PC expansion cards. The I/O 
map and details of the areas where your add-on can be 


fitted. A discussion of address abt ii oa gr Practi- | 


cal address decoder circuits. Simple TTL 8-bit input and 
output ports. Details of using the 8255 parallel interface 
adaptor. Digital to analogue converter circuits. In fact every- 
thing you need to know in order to produce successful PC 
add-ons. 
80 pages 


EASY PC INTERFACING 

R. A. Penfold 

Although the internal expansion slots of a PC provide 
full access to the computer’s buses, and are suitable for 
user add-ons, making your own expansion cards re- 
quires a fair amount of expertise and equipment. The 
built-in ports provide what is often a much easier and 
hassle-free way of interfacing your own circuits to a 
PC. In particlar, a PC printer port plus a small amount 


696 


Temporarily out of print 


of external hardware provides a surprisingly versatile 
input/output port. The PC “games” port is less useful for 
general interfacing purposes, but it can be useful in 
some applications. 

This book provides a number of useful PC add-on 
circuits including the following: Digital input/output ports; 
Analogue-to-digital converter; Digital-to-Analogue Con- 
verter; Voltage and Current measurement circuits; Resis- 
tance meter; Capacitance meter; Temperature measure- 
ment interface; Biofeedback monitor; Constant voltage 
model train controller; Pulsed model train controllers; 
Position sensor (optical, Hall effect, etc.); Stepper motor 
interface; Relay and LED drivers; Triac mains switching 


interface. 

179 pages £4.99 
INTRODUCTION TO MICROPROCESSORS 

John Crisp 


lf you are, or soon will be, involved in the use of 
microprocessors, this practical introduction is essential 
reading. This book provides a thoroughly readable introduc- 
tion to microprocessors. assuming no previous knowledge 
of the subject, nor a technical or mathematical back- 
ground. It is suitable for students, technicians, engineers 
and hobbyists, and covers the full range of modern 
microprocessors. 

After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects which 
have proved difficult, for example 2’s complement, are 
clearly explained. John Crisp covers the complete range of 
microprocessors from the popular 4-bit and 8-bit designs to 
today’s super-fast 32-bit and 64-bit versions that power PCs 
and engine management systems etc. 

Contents: The world changed in 1971; Microprocessors 
don’t have ten fingers; More counting; Mathematical 
micros; It’s all a matter of logic; Registers and memories; A 
microprocessor based system; A typical 8-bit microproces- 
sor; Programming, High level languages; Micros are getting 
bigger and faster; The pentium; The PowerPC; The Alpha 
21164 microprocessor; Interfacing; Test equipment and 


fault finding. 
222 pages £16.99 


Circuits and Design 


PRACTICAL REMOTE CONTROL PROJECTS 
Owen Bishop 
Provides a wealth of circuits and circuit modules for use 
in remote control systems of all kinds; ultrasonic, infra- 
red, optical fibre, cable and radio. There are instructions 
for building fourteen novel and practical remote control 
projects. But this is not all, as each of these projects 
provides a model for building dozens of other related 
circuits by simply modifying parts of the design slightly 
to suit your own requirements. This book tells you how. 
Also included are techniques for connecting a PC to a 
remote control system, the use of a microcontroller in 
remote control, as exemplified by the BASIC Stamp, 
and the application of ready-made type-approved 
418MHz radio transmitter and receiver modules to 
remote control systems. 


160 pages £5.99 


DISCOVERING ELECTRONIC CLOCKS 
W. D. Phillips 
This is a whole book about designing and making 
electronic clocks. You start by connecting HIGH and 
LOW logic signals to logic gates. You find out about 
and then build and test bistables, crystal-controlled 
astables, counters, decoders and displays. All of these 
subsystems are carefully explained, with practical work 
supported by easy to follow prototype board layouts. 

Full constructional details, including circuit diagrams and 
a printed circuit board pattern, are given for a digital 
electronic clock. The circuit for the First Clock is modified 
and developed to produce additional designs which include 
a Big Digit Clock, Binary Clock, Linear Clock, Andrew's Clock 
(with a semi-analogue display), and a Circles Clock. All of 
these designs are unusual and distinctive. 

This is an ideal resource for project work in GCSE 
Design and Technology: Electronics Product, and for 
project work in AS-Level and A-Level Electronics and 


Technology. 

194 pages, A4 spiral bound £16.50 
DOMESTIC SECURITY SYSTEMS 

A. L. Brown 


This book shows you how, with common sense and basic 
do-it-yourself skills, you can protect your home. It also 
gives tips and ideas which will help you to maintain and 
improve your home security, even if you already have 
an alarm. Every circuit in this book is clearly described 
and illustrated, and contains components that are easy to 
source. Advice and guidance are based on the real ex- 
perience of the author who is an alarm installer, and the 
designs themselves have been rigorously put to use on 
some of the most crime-ridden streets in the world. 

The designs include all elements, including sensors, 
detectors, alarms, controls, lights, video and door entry 
systems. Chapters cover installation, testing, main- 
tenance and upgrading. 

£12.99 


192 pages Order code NE25 


MICROCONTROLLER COOKBOOK 

Mike James 

The practical solutions to real problems shown in this 
cookbook provide the basis to make PIC and 8051 
devices really work. Capabilities of the variants are 
examined, and ways to enhance these are shown. A 
survey of common interface devices, and a descrip- 
tion of programming models, lead on to a section on 
development techniques. The cookbook offers an intro- 
duction that will allow any user, novice or experienced, 
to make the most of microcontrollers. are 


240 pages Order code NE26 


A BEGINNER’S GUIDE TO TTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits 
in general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder cir- 
cuits. Some practical circuits are used to illustrate the 
use of TTL devices in the “real world” 


142 pages Order code BP332 £4.95 


ELECTRONIC MODULES AND SYSTEMS FOR 
BEGINNERS 

Owen Bishop 

This book describes over 60 modular electronic circuits, 
how they work, how to build them, and how to use 
them. The modules may be wired together to make 
hundreds of different electronic systems, both analogue 
and digital. To show the reader how to begin build- 
ing systems from modules, a selection of over 25 
electronic systems are described in detail, covering 
such widely differing applications as timing, home 
security, measurement, audio (including a simple radio 
receiver), games and remote control. 

200 pages Temporarily out of print 


PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE 

F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1.E.R.E., F.B.1.M. 
Bridges the gap between complicated technical theory, 
and “cut-and-tried” methods which may bring success 
in design but leave the experimenter unfulfilled. A 
strong practical bias - tedious and higher mathematics 
have been avoided where possible and many tables 
have been included. 

The book is divided into six basic sections: Units and 
Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems, 
Measurements. 


256 pages Temporarily out of print 
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Bebop To The Boolean Boogie 


By Clive (call me Max) 
Maxfield 
ORDER CODE BEB1 


£24.95 


470 pages. Large format 


Specially imported by EPE — 
Excellent value 
An Unconventional Guide to 
Electronics Fundamentals, 
Components and Processes 


This book gives the “big picture” of 
digital electronics. This in-depth, highly 
readable, up-to-the-minute guide shows you 
how electronic devices work and how 
they're made. You'll discover how transistors operate, how printed circuit 
boards are fabricated, and what the innards of memory ICs look like. You'll 
also gain a working knowledge of Boolean algebra and Karnaugh maps, and 
understand what Reed-Muller logic is and how it’s used. And there’s much, 
MUCH more (including a recipe for a truly great seafood gumbo!). Hundreds 
of carefully drawn illustrations clearly show the important points of each 
topic. The author’s tongue-in-cheek British humor makes it a delight to read, 
but this is a REAL technical book, extremely detailed and accurate. A great 
reference for your own shelf, and also an ideal gift for a friend or family 


member who wants to understand what it is you do all day... 
470 pages — large format Order code BEB1 


BeBoOP % 
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£24.95 
DIGITAL ELECTRONICS - A PRACTICAL APPROACH FREE 
With FREE Software: Number One Systems — EASY-PC SOFTWARE 


Professional XM and Pulsar (Limited Functionality) 

Richard Monk 

Covers binary arithmetic, Boolean algebra and logic gates, combination logic, 
sequential logic including the design and construction of asynchronous and 
synchronous circuits and register circuits. Together with a considerable practi- 
cal content plus the additional attraction of its close association with computer- 
aided design including the FREE software. 

There is a ‘blow-by-blow’ guide to the use of EASY-PC Professional XM (a 
schematic drawing and printed circuit board design computer package). The 
guide also conducts the reader through logic circuit simulation using Pulsar 
software. Chapters on p.c.b. physics and p.c.b. production techniques make 
the book unique, and with its host of project ideas make it an ideal companion 
for the integrative assignment and common skills components required by 
BTEC and the key skills demanded by GNVQ. The principal aim of the book is 
to provide a straightforward approach to the understanding of digital elec- 
tronics. 

Those who prefer the ‘Teach-In’ approach or would rather experiment with 
some simple circuits should find the book’s final chapters on printed circuit 
board production and project ideas especially useful. 


250 pages Order code NE28 


DIGITAL GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and technicians, seeks to estab- 
lish a firm foundation in digital electronics by treating the topics of gates and 
flip-flops thoroughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh mapping are explained, 
demonstrated and used extensively, and more attention is paid to the subject 
of synchronous counters than to the simple but less important ripple counters. 

No background other than a basic knowledge of electronics is assumed, and 
the more theoretical topics are explained from the beginning, as also are many 
working practices. The book concludes with an explanation of microprocessor 
techniques as applied to digital logic. 


200 pages Oligo (-)arrere(- Om ltl.) 


£16.99 


£8.95 





Bebop Bytes Back | 


By Clive “Max” Maxfield 
and Alvin Brown 


ORDER CODE BEB2 


£29.95 


Over 500 pages. Large 
format 


Specially imported by 
EPE — Excellent value 


An Unconventional Guide 
To Computers 


a CE ia which ees Se 
ully Functional Internet-Ready cr ‘ 
Virtual Computer with Interactive Wed Come ate 
Labs Interactive Lobs 
This follow-on to Bebop To The 
Boolean Boogie is a multimedia ex- 
travaganza of information about how 
computers work. It picks up where “Bebop |” left off, guiding you through 
the fascinating world of computer design . . . and you'll have a few 
chuckles, if not belly laughs, along the way. In addition to over 200 
megabytes of mega-cool multimedia, the accompanying CD-ROM (for 
Windows 95 machines only) contains a virtual microcomputer, simulating 
the motherboard and standard computer peripherals in an extremely 
realistic manner. In addition to a wealth of technical information, myriad 
nuggets of trivia, and hundreds of carefully drawn illustrations, the book 
contains a set of lab experiments for the virtual microcomputer that let 
you recreate the experiences of early computer pioneers. If you're the 
slightest bit interested in the inner workings of computers, then don’t dare 


to miss this one! 
‘Ol gel:) arvele(: Mm 3] ol 3/4 


£29.95 





Over 500 pages - large format 


NEWNES INTERACTIVE ELECTRONIC CIRCUITS CD-ROM 
Edited by Owen Bishop 

An expert adviser, an encyclopedia, an analytical tool and a source of real 
design data, all in one CD-ROM. Written by leading electronics experts, 
the collected wisdom of the electronics world is at your fingertips. The 
simple and attractive Circuits Environment ™ is designed to allow you to 
find the circuit or advice notes of your choice quickly and easily using the 
search facility. The text is written by leading experts as if they were 
explaining the points to you face to face. Over 1,000 circuit diagrams 
are presented in a standardised form, and you are given the option to 
analyse them by clicking on the Action icon. The circuit groups covered 
are: Amplifiers, Oscillators, Power, Sensing, Signal Processing, Filters, 
Measurement, Timing, Logic Circuits, Telecommunications. 

The analysis tool chosen is SpiceAge for Windows, a powerful and 
intuitive application, a simple version of which automatically bursts into 
action when selected. 

Newnes Interactive Electronic Circuits allows you to: analyse circuits 
using top simulation program SpiceAge; test your design skills on a 
selection of problem circuits; clip. comments to any page and define 
bookmarks; modify component values within the circuits; call up and 
display useful formulae which remain on screen; look up over 100 
electronic terms in the glossary; print and export netlists. 

System Requirements: PC running Windows 3.x, 95 or NT on a 386 or 
better processor. 4MB RAM, 8MB disk space. 


CD-ROM Order code NE-CD1 





£49.99 


Audio and Music 





AN INTRODUCTION TO LOUDSPEAKERS AND 
ENCLOSURE DESIGN 

V. Capel 

This book explores the various features, good points 
and snags of speaker designs. It examines the whys and 
wherefores so that the reader can understand the 
principles involved and so make an informed choice of 
design, or even design loudspeaker enclosures for him — 
or herself. Crossover units are also explained, the 
various types, how they work, the distortions they 
produce and how to avoid them. Finally there is a 
step-by-step description of the construction of the 
Kapellmeister loudspeaker enclosure. 


148 pages £3.99 


PREAMPLIFIER AND FILTER CIRCUITS 

R. A. Penfold 

This book provides circuits and background information 
for a range of preamplifiers, plus tone controls, filters, 
mixers, etc. The use of modern low noise operational 
amplifiers and a specialist high performance audio 
preamplifier i.c. results in circuits that have excellent 


performance, but which are still quite simple. All the 
circuits featured can be built at quite low cost (just 
a few pounds in most cases). The preamplifier cir- 
cuits featured include: Microphone preamplifiers (low 
impedance, high impedance, and crystal). Magnetic 
cartridge pick-up preamplifiers with R.I.A.A. equalisa- 
tion. Crystal/ceramic pick-up preamplifier. Guitar pick-up 
preamplifier. Tape head preamplifier (for use with com- 
pact cassette systems). 

Other circuits include: Audio limiter to prevent over- 
loading of power amplifiers. Passive tone controls. 
Active tone controls. PA filters (highpass and low- 
pass). Scratch and rumble filters. Loudness filter. Audio 
mixers. Volume and balance controls. 


92 pages Order code BP309 £3.99 


HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 

R. A. Penfold 

Practical construction details of how to build a num- 
ber of audio power amplifiers ranging from about 50 
to 300/400 watts r.m.s. includes MOSFET and bipolar 
transistor designs. 


96 pages £3.99 
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ACOUSTIC FEEDBACK - HOW TO AVOID IT 

V. Capel 

Feedback is the bane of all public address systems. While 
feedback cannot be completely eliminated, many things can 
be done to reduce it to a level at which it is no longer a 
problem. 

Much of the trouble is often the hall itself, not the 
equipment, but there is a simple and practical way of greatly 
improving acoustics. Some microphones are prone to feed- 
back while others are not. Certain loudspeaker systems are 
much better than others, and the way the units are posi- 
tioned can produce a reduced feedback. All these mat- 
ters are fully explored as well as electronic aids such as 
equalizers, frequency-shifters and notch filters. 

The special requirements of live group concerts are con- 
sidered, and also the related problem of instability that is 
sometimes encountered with large set-ups. We even take a 
look at some unsuccessful attempts to cure feedback so as 
to save readers wasted time and effort duplicating them. 

Also included is the circuit and layout of an inexpensive 


- but highly successful twin-notch filter, and details on how 


to operate it. 


92 pages £4.99 
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SCROGGIE’S FOUNDATIONS OF WIRELESS 

AND ELECTRONICS - ELEVENTH EDITION 

S. W. Amos and Roger Amos 

Scroggie’s Foundations is a classic text for anyone work- 
ing with electronics, who needs to know the art and craft 
of the subject. It covers both the theory and practical 
aspects of a huge range of topics from valve and tube 
technology, and the application of cathode ray tubes 
to radar, to digital tape systems and optical recording 
techniques. 

Since Foundations of Wireless was first published over 
60 years ago, it has helped many thousands of readers to 
become familiar with the principles of radio and elec- 
tronics. The original author Sowerby was succeeded by 
Scroggie in the 1940s, whose name became synonymous: 
with this classic primer for practitioners and students 
alike. Stan Amos, one of the fathers of modern electronics 
and the author of many well-known books in the area, 
took over the revision of this book in the 1980s and it is 
he, with his son, who have produced this latest version. 


400 pages £19.99 
ELECTRONICS MADE SIMPLE 
lan Sinclair 


Assuming no prior knowledge, Electronics Made Simple 
presents an outline of modern electronics with an em- 
phasis on understanding how systems work rather than 
on details of circuit diagrams and calculations. It is ideal 
for students on a range of courses in electronics, includ- 
ing GCSE, C&G and GNVQ, and for students of other 
subjects who will be using electronic instruments and 
methods. 

Contents: waves and pulses, passive components, 
active components and |€s, linear circuits, block and 
circuit diagrams, how radio works, disc and tape record- 
ing, elements of TV and radar, digital signals, gating and 
logic circuits, counting and correcting, microprocessors, 
calculators and computers, miscellaneous systems. 

Page 199 (large format) £12.99 
TRANSISTOR DATA TABLES 
Hans-Ginther Steidle 

The tables in this book contain information about the 
package shape, pin connections and basic electrical data 
for each of the many thousands of transistors listed. The 
data includes maximum reverse voltage, forward current 
and power dissipation, current gain and forward transad- 
mittance and resistance, cut-off frequency and details of 
applications. 

A book of this size is of necessity restricted in its scope, 
and the individual transistor types cannot therefore be 
described in the sort of detail that maybe found in some 
larger and considerably more expensive data books. How- 
ever, the list of manufacturers’ addresses will make it 
easier for the prospective user to obtain further informa- 
tion, if necessary. 

Lists over 8,000 different transistors, including f.e.t.s. 
200 pages Temporarily out of print 


MORE ADVANCED USES 
OF THE MULTIMETER 
R. A. Penfold 
This book is_ primarily 
intended as a follow-up to 
BP239, (see below), and 
should also be of value 
to anyone who already 
understands the basics 
of voltage testing and 
simple component testing. 
By using the techniques 
described in Chapter 1 
you can test and analyse 
the performance of a 
range of components with 
just a multimeter (plus a 
very few inexpensive com- 
ponents in some cases). 
Some useful quick check 
methods are also covered. 
While a multimeter is supremely versatile, it does have 
its limitations. The simple add-ons described in Chapter 2 
extended the capabilities of a multimeter to make it even 


more useful. 
Order code BP265 £2.95 


84 pages 
ELECTRONIC TEST EQUIPMENT HANDBOOK 
Steve Money 
The principles of operation of the various types of test 
instrument are explained in simple terms with a minimum 
of mathematical analysis. The book covers analogue and 
digital meters, bridges, oscilloscopes, signal generators, 
counters, timers and frequency measurement. The practi- 
cal uses of the instruments are also examined. 

Everything from Oscillators, through R, C & L measure- 
ments (and much more) to Waveform Generators and 


testing Zeners. 
Order code PC109 £8.95 


206 pages 

GETTING THE MOST FROM YOUR MULTIMETER 

R. A. Penfold 

This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing the 
relative merits and the limitations of the two types. In 
Chapter 2 various methods of component checking are 
described, including tests for transistors, thyristors, resis- 
tors, capacitors and diodes. Circuit testing is covered in 
Chapter 3, with subjects such as voltage, current and con- 
tinuity checks being discussed.’ 

In the main little or no previous knowledge or ex- 
perience is assumed. Using these simple component and 
circuit testing techniques the reader should be able to 
confidently tackle servicing of most electronic sty i 







96 pages 
NEWNES ELECTRONICS TOOLKIT- SECOND EDITION 


Geoff Phillips 

The author has used his 30 years experience in industry to 
draw together the basic information that is constantly 
demanded. Facts, formulae, data and charts are presented 
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Testing, Theory, Data and Reference 


to help the engineer when designing, developing, evaluat- 
ing, fault finding and repairing electronic circuits. The 
result is this handy workmate volume: a memory aid, 
tutor and reference source which is recommended to all 
electronics engineers, students and technicians. 

Have you ever wished for a concise and comprehen- 
sive guide to electronics concepts and rules of thumb? 
Have you ever been unable to source a component, or 
choose between two alternatives for a particular applica- 
tion? How much time do you spend searching for basic 
facts or manufacturer's specifications? This book is the 
answer, it covers resistors, capacitors, inductors, semicon- 
ductors, logic circuits, EMC, audio, electronics and music, 
telephones, electronics in lighting, thermal considerations, 
connections, reference data. 

£12.99 


158 pages Order code NE20 


PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 

Robin Pain 

This is not a book of theory. It is a book of practical 
tips, hints, and rules of thumb, all of which will equip the 
reader to tackle vy job. You may be an engineer or tech- 
nician in search of information and guidance, a college 
student, a hobbyist building a project from a magazine, or 
simply a keen self-taught amateur who is interested in 
electronic fault finding but finds books on the subject too 
mathematical or specialized. 

The book covers: Basics - Voltage, current and resis- 
tance; Capacitance, inductance and impedance; Diodes 
and transistors; Op-amps and negative feedback; Fault 
finding - Analogue fault finding, Digital fault finding; 


Memory; Binary and hexadecimal; Addressing; Discrete 
logic; Microprocessor action; !/O control; CRT control; 
Dynamic RAM; Fault finding digital systems; Dual trace 
oscilloscope; IC replacement. 


274 pages Order code NE22 £18.99 


AN INTRODUCTION TO LIGHT IN ELECTRONICS 
F. A. Wilson 

This book is not for the expert but neither is it for 
the completely uninitiated. It is assumed the reader has 
some basic knowledge of electronics. After dealing with 
subjects like Fundamentals, Waves and Particles and The 
Nature of Light such things as Emitters, Detectors and 
Displays are discussed. Chapter 7 details four different 
types of Lasers before concluding with a chapter on Fibre 


Optics. 
Order code BP359 £4.95 


161 pages 

UNDERSTANDING DIGITAL TECHNOLOGY 

F. A. Wilson C.G.1.A., C.Eng., F.1.E.E., Fl. Mgt. 

This book examines what digital technology has to offer 
and then considers its arithmetic and how it can be ar- 
ranged for making decisions in so many processes. It then 
looks at the part digital has to play in the ever expanding 
Information Technology, especially in modern transmis- 
sion systems and television. It avoids getting deeply in- 
volved in mathematics. 

Various chapters cover: Digital Arithmetic, Electronic 
Logic, Conversions between Analogue and Digital Struc- 
tures, Transmission Systems. Several Appendices explain 
some of the concepts more fully and a glossary of terms 


is included. 
183 pages £4.95 


Project Building 





ELECTRONIC PROJECT BUILDING FOR BEGINNERS 

R. A. Penfold 

This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practi- 
cal side of this fascinating hobby, including: 

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; 
advice on buying the right tools for the job; soldering; 
making easy work of the hard wiring; construction 
methods, including stripboard, custom printed circuit 
boards, plain matrix boards, surface mount boards and 
wire-wrapping; finishing off, and adding panel labels; 
getting “problem” projects to work, including simple 
methods of fault-finding. 

In fact everything you need to know in order to get 
started in this absorbing and creative hobby. 


136 pages £4.95 


45 SIMPLE ELECTRONIC TERMINAL BLOCK 

PROJECTS 

R. Bebbington 

Contains 45 easy-to-build electronic projects that can be 
constructed, by an absolute beginner, on terminal blocks 
using only a screwdriver and other simple hand tools. No 
soldering is needed. 


















(mail order only). 


old lists. 
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BOOK ORDERING DETAILS 


Our postage price is the same no matter how many books you order, just add £1.50 to 
your total order for postage and packing (overseas readers add £3 for countries in the 
EEC, or add £6 for all countries outside the EEC, surface mail postage) and send a PO, 
cheque, international money order (£ sterling only) made payable to Direct Book Serv- 
ice or credit card details, Visa or Mastercard — minimum credit card order is £5 — to: 
DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1RW 


Books are normally sent within seven days of receipt of order but please allow a 
maximum of 28 days for delivery — more for overseas orders. Please check price and 
availability (see latest issue of Everyday Practical Electronics/ET|) before ordering from 


For a further selection of books see the next two issues of EPE/ETI. 


DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749 
Fax 01202 841692. Due to the cost we cannot reply to overseas orders or queries by Fax. 
E-mail:dbs@epemag.wimborne.co.uk 


BOOK ORDER FORM | 
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Most of the projects can be simply screwed together, 
by following the layout diagrams, in a matter of minutes 
and readily unscrewed if desired to make new circuits. 
A theoretical circuit diagram is also included with each 
project to help broaden the constructor’s knowledge. 

he projects included in this book cover a wide range 
of interests under the chapter headings: Connections and 
Components, Sound and Music, Entertainment, Security 
Devices, Communication, Test and Measuring. 


163 pages Order code BP378 £4.95 


30 SIMPLE IC TERMINAL BLOCK PROJECTS 
R. Bebbington 
Follow on from BP378 using ICs. 


117 pages £4.99 


HOW TO DESIGN AND MAKE YOUR OWN P.C.B.S 

R. A. Penfold 

Deals with the simple methods of copying printed cir- 
cuit board designs from magazines and books and covers 
all aspects of simple p.c.b. construction including photo- 
graphic methods and designing your own p.c.b.s. 


80 pages £3.99 
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SURFING THE INTERNET === 





NET WORK 


ALAN WINSTANLEY 


ERE are several new uploads to the EPE web site 
(www.epemag.wimborne.co.uk), including a new series of 
pages devoted to the Modern Electronics Manual and the 
Electronics Service Manual. Both Manuals are constantly updated 
A4 ring binders designed for students or hobbyists, or those seek- 
ing training or re-training in basic electronics. The web pages pro- 
vide a comprehensive listing of each Manual’s contents, and there 
is also a new facility for secure on-line ordering with world-wide 
shipping. You can view these pages by going to manuals.htm on 
the EPE web site, or follow the links. 


DESOLDERING GUIDE 


The author has finally created the sequel to the popular Basic 
Soldering Guide, an on-line resource which is used by colleges, stu- 
dents and technicians. The “BSG”’ is linked by the Edinburgh 
Engineering Virtual Library and is a well-established educational 
resource. The new follow-up is the Basic Desoldering Guide, which 
illustrates simple techniques of using desoldering pumps as well as 
copper braid. There is also the new Black Museum of Bad Soldering 
which depicts some real-life examples of poor soldering technique 
(the author is collecting more). You can catch up with all of this — 
fourteen colour photos in all — at desolderpix.htm. 


ZOOM THROUGH THE HAYES 


If you’re out looking for a new modem, read the box carefully! 
One classed as a “Winmodem”’ relies on the processor power of a 
Windows PC instead of its own built-in signal processing. They will 
only work in Windows. The giveaway is that they are usually cheap- 
er than “fully blown” modems by £10 or £20 or more. 3COM/US 
Robotics is the best known brand of Winmodem which appear as 
OEM internal modems favoured by Dell and others. 

An alternative type of Winmodem uses the Lucent chipset and is 
manufactured under many brands: Zoom (www.zoomtel.com) pro- 
duces such a PCI card (hence the telltale “LT’’ Winmodem label). 
Look closely in the specifications or ads for talk of “using the power 
of Windows” or “only works in Windows”’ — sure signs that you’re 
holding a cheaper Winmodem rather than a completely stand-alone 
device. 

A Winmodem will be perfectly adequate for many users, but 
some brands are evidently more highly regarded than others. One 
major advantage of the budget Zoom PCI internal Winmodem, apart 
from the fact that unlike a traditional ISA card it will happily share 
Interrupts, is that it is easy to upgrade the Windows driver without 
needing to “flash” the modem firmware. It may simply require 
copying over a new .vxd driver file into Windows. Unlike a 
firmware flash upgrade, which is a one-way street, this means that 
the old drivers can be restored by the user if desired, so you can 
experiment to obtain the best overall performance. The most com- 
prehensive resource on Lucent chipset modems and others is avail- 
able on http://808hi.com/56k/x2-lucent.htm 

Hayes Corporation is usually the name associated with computer 
modem technology, and many experienced users will have grappled 
with the arcane delights of the Hayes Command Set when trying to 
coax a modem into operation at one time or another. Modem 
settings can be customised with the addition of the appropriate 
command in the “init string” — the chain of Hayes commands which 
initialises the modem each time it dials. Windows 95/98 users can 
add extra settings by going to Device Manager/Modems (select 
yours)/Properties/Connection/Advanced. Modem handbooks 
often quote the available Hayes command switches. 

In April, Zoom announced that it had acquired much of Hayes 
Communications’ modem assets. This includes well-known brands 
such as Hayes and Accura. Bundled into the deal was the entire 
assets of Hayes Europe along with Hayes’ UK headquarters. 

I have been pretty encouraged by my own experiences with 
Zoom modems. Close examination inside a recent desktop PC 
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revealed its modem was actually an old US Robotics X2 
Winmodem, a 33-6K version at that, “flashed” up to 56K. I decid- 
ed to “flash”’ it further to V.90 using the latest patch from USR (now 
3COM) to see if it would improve its negotiation. Doing so can be 
a nerve-wracking experience, because applying the wrong patch 
can render a modem totally unusable. Since ISP’s V.90 compatibil- 
ity standards are gradually being refined, it is wise to get in the habit 
of checking for the latest modem driver or firmware upgrades, the 
latter usually being “flashed”’ into the modem’s PROM chip using a 
simple on-screen procedure. In my case the upgrade didn’t make 
much difference to reliability. Time for a change. 

I decided to experiment with a Zoom Dual-Standard 56K/X2 
flash-upgradeable internal modem. The Zoom has a five-year guar- 
antee with improved built-in lightning protection and it installed 
immediately without hesitation. Performance and negotiation was 
generally more reliable than the USR, although this could partly be 
due to the type of modem racks in use at the other end: perhaps they 
didn’t like my USR card much. 

Later I handed the Zoom over to another user along with a V.90 
flash upgrade file, which somehow turned out to be the wrong one. 
After running the upgrade the modem was crippled, but praise goes 
to Zoom UK who graciously provided another (V.90) PROM chip, 
and now it works fine. Rather than revert to the earlier ISA modem, 
though, I settled for another off-the-peg Zoom, this time a 56K/V.90 
Dual Standard PCI Winmodem. This also installed easily, and it will 
have to do until ISDN2e or ADSL comes along, as wireless modems 
and cable modems are frustratingly out of reach. In the meantime I 
can busy myself fiddling with different version of Windows drivers. 


BIG FOOTED E-MAIL FOR LIFE 


If you have several E-mail addresses, or indeed if you keep 
changing your Internet Service Provider, one useful way to keep 
things under control is to use an E-mail re-direction service. One 
which has been running for a couple of years now is Bigfoot 
(www.bigfoot.com), an unfortunate name perhaps but a proven and 
reliable service! 

One drawback to changing ISPs is the often longwinded task of 
informing everybody of your change of address. Bigfoot has sever- 
al free options to help make life a little easier. Mail can be forward- 
ed to a single E-mail address or forwarded on to a maximum of five 
addresses, the latter is useful if you travel and use Compuserve or 
AOL to log in whilst abroad. 

The addresses to which you would like your mail redirected are 
set up through the members’ page at Bigfoot’s web site, and when 
you need to alter any of the addresses it is a straightforward task to 
input a new E-mail address. After registering you are given an 
address in the form of yourname@bigfoot.com which you then 
hand out to all and sundry, safe in the knowledge that your true 
address can change whenever you like. 

For those people who post messages to Usenet (newsgroups) the 
Bigfoot service also offers a Spam (unsolicited E-mail) blocking 
option so that mail from known sources of Spam is not forwarded. 
Something to check out next time you are on-line. 


VIRUS UPDATES 

Much has been written about Windows viruses, especially 
Melissa (June °99 Net Work) and Worm.Explore.Zip (first 
unleashed in Israel in June ’99, also see August ’99 Net Work). 
Microsoft has posted a fix which discourages Outlook users from 
opening a possibly harmful E-mail attachment, thereby also reduc- 
ing the virus’ propagation to the addresses contained in the Address 
Book. Go to officeupdate.microsoft.com for the patches (Outlook 
97, 98, 2000). 

Don’t forget to check the Net Work page of the EPE web site for 
this month’s round up of suggested URLs. My E-mail address is 
alan@epemag.demon.co.uk 
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Ree SABANI BOOKS i! 


We now supply a// the books published by Bernard Banani (Publishing) 
Ltd. We have always supplied a selected list of Babani books and you will 
find many of them described on the previous pages or the next two issues 
of Everyday Practical Electronics (all books with a BP prefix to the order 
code are Babani books). Many readers have asked us to also supply various 


Our customers tell us they appreciate our speedy service and low 
postage charge and they would like to be able to purchase all the books 
from us and thus keep the postage charge to an absolute minimum (1.50p 
for UK p&p no matter how many books you buy). We are pleased to be 
able to respond; we are now able to meet a// your requirements for 


other Babani books, which have a reputation for value for money. Babani books - if it’s in print we can supply it. 





Code _ Title Price Code _ Title Price Code __ Title Price 
BP36 50 Circuits Using Germanium, Silicon and Zener BP326 An Introduction to Satellite Communications £5.95 BP398 Sage Instant Accounting Explained £5.95 

Diodes £1.95 BP327 DOS One Step at a Time (covers Version 6.2) £4.99 BP399 Windows ‘95 One Step at a Time £4.95 
BP37 50 Projects using Relays, SCRs and TRIACs £2.95 BP328 Sage Explained £5.95 BP403 The Internet and World Wide Web Explained £5.95 
BP44 =1C 555 Projects . £3.99 BP329 Electronic Music Learning Projects £4.95 BP404 How to Create Pages for the Web Using HTML _—‘£5.99 
BP76 Power Supply Projects . 0.0.P. BP331 A Beginners Guide to MIDI £4.95 BP405 MS Works for Windows 95 explained £5.95 
BP125 25 Simple Amateur Band Aerials . £1.95 BP334 Magic Electronics Projects £4.95 BP406 MS-Word 95 Explained £6.99 
BP132 25 Simple SW Broadcast Band Aerials £1.95 BP337 A Concise Users Guide to Lotus 1-2-3 ; 

; i . P BP407 Excel 95 Explained £6.99 

BP144 Further Practical Electronics Calculations for Windows £5.95 BP408 A 95 - One S 7 

& Formulae £4,95 BP341 MS-DOS Explained (covers V6.2) £6.99 ene = 
BP145 25 Simple Tropical and MW Band Aerials £1.75 BP345 Getting Started in Practical Electronics £4.99 BRAOD “Mie Office % One Step at a Time £6.99 
BP182 MIDI Projects £2.95 BP346 Programming in Visiual BASIC for Windows £5.95 BP410 35 Opto-Display Terminal Block Projects £4.99 
BP184 An Introduction to 68000 Assembly Language = £2.95 BP349 Practical Opto-Electronic Projects £4.95 BP412 A Practical Approach to Excel for Windows 95 £4.99 
BP192 More Advanced Power Supply Projects £2.95 BP350 Electronic Board Games £4.95 BP415 Using Netscape on the Internet £6.99 
BP258 Learning to Program in C £4.95 BP352 Excel 5 Explained £5.95 BP416 Practical Alarm Projects £4.99 
BP259 A Concise Introduction to UNIX £4.95 BP355 A Guide to the World’s Radio Stations BP417 Explaining Microsoft Publisher for Windows 95 —- £5.99 
BP261 A Concise Introduction to Lotus 1-2-3 (1995/6 Edition) £5.95 BP418 Word 95 Assistant £6.99 

(Revised Edition) £3.95 BP362 Access One Step at a Time £4.95 BP419 Using Microsoft Explorer on the Internet £6.99 
BP262 A Concise Introduction to Wordperfect BP363 Practical Electronic Music Projects £4.95 BP420 E-Mail on the Internet £6.99 

(Revised Edition) £3.95 BP367 Electronic Projects for the Garden £4.95 BP421 Windows 95 Assistant £6.99 
BP273 Practical Electronic Sensors £4.99 BP370 The Superhet Radio Handbook £4.95 BP422 Essentials of Computer Security £5.99 
BP275 Simple Short Wave Receiver Construction £3.95 BP373 An Introduction to Networks for PC and BP424 Microsoft Exchange for Business and Home Use £6.99 
BP281 An Introduction to UHF/VHF for Radio Amateurs £4.99 Mac Users ite £5.95 BP425 Microsoft Internet Explorer Assistant £5.99 
BP284 Programming in QuickBASIC (revised edition) £5.99 BP375 The Novice Radio Amateurs Examination BP426 MS Office 97 Explained £6.99 
BP292 Public Address Loudspeaker Systems £4.99 Handbook £4.95 BP427 ..Netecape Internet Navigator Assistant £5.99 
BP293 An Introduction to Radio Wave Propagation £3.95 BP380 Advanced Projects For The Electric Guitar £4.99 ; : 
BP301 Antennas for VHF and UHF £4.95 BP383 Understanding the Mathematics of Electronics £5.99 ornen. ee Worn 97 Expreined ne: 
BP309 Preamplifier and Filter Circuits £4.99 BP387 Windows One Step at a Time £4.95 BP429_ MS'Excel 97 Explained £6.99 
BP311 An introduction to Scanners and Scanning £4.99 BP388 Why Not Personalise Your PC £4.99 BP430 MS Access 97 - One Step at a Time £5.99 
BP312 An Introduction to Microwaves £3.95 BP389 Power Point for Windows Explained £5.95 BP432 Simple Sensor Terminal Block Projects £4.99 
BP315 An introduction to the Electromagnetic Wave £4.95 BP390 An Introduction to the World Wide Web BP434 PC Hardware Assistant £6.99 
BP316 Practical Electronic Design Data £5.99 for PC and Mac Users £6.99 BP435 Programming in C+ + £6.99 
BP317 Practical Electronic Timing £4.95 
BP320 Electronic Projects for Your PC £3.99 
BP324 The Art of Soldering £3.99 IF NO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (0.0.P) 
BP325 A Concise Users Guide to Windows 3.1 £4.95 SEE PREVIOUS PAGE FOR FULL ORDERING DETAILS 








PCB SERVICE 


Printed circuit boards for certain EPE constructional projects are available from the 
PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage and packing. Add £1 per board 
for airmail outside of Europe. Remittances should be sent to The PCB Service, 
Ted fer Practical Electronics, Allen House, East Borough, Wimborne, Dorset 
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to 
orders or queries by Fax); E-mail: orders@epemag.wimborne.co.uk . Cheques 
should be crossed and made payable to Everyday Practical Electronics (Payment 
in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photostats of articles are available if required — see the 
Back Issues page for details. ; : 
Please check price and availability in the latest issue. 

Boards can only be supplied on a payment with order basis. 


Special KNOCK DOWN SALE of PCBs. 


We have a few p.c.b.s left from past projects these are being 
offered at the knock down price of £2.00 each — 
no matter what size they are (some of these 
boards are worth over £15.00 each) while 
stocks last. This price includes VAT and UK 
post — overseas orders please add 50p postage 
(or £1 per board for airmail postage). 

Print Timer, 874; Stereo HiFi Controller — Power 
Supply, 886 — Main Board, 887 — Expansion/Display Boards, (pair) 888; 
Power Controller, 905; Active Guitar Tone Control, 907; TV Off-er (pair), 
908/909; Video Modules — 1 Simple Fader, 910; Video Enhancer, 912; 12V 
35W PA Amplifier, 930; * National Lottery Predictor, 935; MIDI Pedal, 938; 
Club Vote Totaliser, 939; Ramp Generator — Logic Board (double-sided 

t.h.), 944 — Analogue board, 945; Microcontrolled 3-Digit Timer, 933; 
ow-Range Ohmmeter Adaptor, 926; Vandata — Boot Control Unit, 953 — 
Display Unit, 954; Capacitor Check, 955. 
Any of the above for just £2 each inc. VAT and p&p. 
Back numbers or photostats of articles are available see the 
Back Issues page for details. 





PROJECT TITLE Order Code Cost 






Digital Delay Line 958 £8.04 
50Hz Field Meter 959 £8.32 
Temperature Warning Alarm (Teach-In ’96) 960 £6.15 





700 












PROJECT TITLE Order Code 





















Stereo “Cordless ” Headphones 
Transmitter 961 
Receiver 962 


*EPE Met Office — Sensor/Rainfall/Vane 
Spiral transparency free with above p.c.b. 


*EPE Met Office — 


963/965 





















Computer Interface (double-sided) 964 
Audio Signal Generator 969 
Automatic Camera Panning (Teach-In 96) 972 
Printer Sharer 973 
Vari-Speed Dice (Teach-in '96) 974 £5.69 
Mains Signalling Unit — 2 12V Capacitive PSU 975 £6.07 
Multi-Purpose Mini Amplifier 976 £6.12 
High Current Stabilised Power Supply 979 £6.62 
Mind Machine Mk Ill — Sound and Lights 980 £7.39 
Infra-Zapper Transmitter/Receiver (Teach-in ’96) 
Bat Band Converter/B.F.O. 984a/b £5.80 
Hearing Tester 985 £6.87 








Event Counter (Teach-in '96) 986 £8.39 


B.F.O. and Bat Band Converter 
Versatile PIR Detector Alarm 

Mind machine Mk IIl — Tape Controller 
Midi Analyser 

Countdown Timer (Teach-in '96) 









| MAY’96 | 


















Sarah's Light JUNE’96 
Home Telephone Link 
*PulStar 






















VU Display and Alarm 

Ultra-Fast Frequency Generator 
and Counter — Oscillator/L.C.D. Driver 

Timed NiCad Charger 

Single-Station Radio 4 Tuner 

Twin-Beam Infra-Red Alarm —Transmitter/Receiver 


* Games Compendium 

Mono “Cordless” Headphones 
— Transmitter/Receiver 

Component Analyser (double-sided p.t.h.) 

Garden Mole-Ester 

Mobile Miser 

Bike Speedo 

*PIC-Tock Pendulum Clock 

Power Check 

Analogue Delay/Flanger 


Draught Detector 
Simple Exposure Timer 

























994/995 (pr) 
100 
101 
102/103 (pr) 
104 














































990/991 (pr) 
105 
106 
107 
108 





















SEPT’96 
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OCT’96 





Video Fade-to-White é 
Direct Conversion 80m Receiver 

Vehicle Alert 

10MHz Function Generator— wa Board 



















uneable scraicn Filter 

* Central Heating Controller 

D.C. to D.C. Converters — Negative Supply Generator 
— Step-Down Regulator 

— Step-Up R 








PIC Digital/Analogue 
Stereo Cassette Recorder 
Playback/PSU 
Record/Erase 


arth Res ty 
Current Gen. — Amp/Rect. . 
Theremin MIDI/CV Interface (double-sided p.t.h.) 
Mains Failure Warning 











131/132 (pr) 
130 (set) 
126 










Dual-O 





-Agoras — Wheelie Meter i 
418MHz Remote Control — Transmitter 
— Receiver 





Pu Puddle Probe 
MIDI Matrix — PSU 
— Interface 









Quasi-Bell Door Alert 
2M F.M. Receiver 
*PIC-A-Tuner 
Window Closer — Trigger 
— Closer 






— Transmitter 
— Receiver 
Pyrotechnic Controller 
* PIC Digilogue Clock 
Narrow Range Thermometer 
Viicropower 
Infra-Red Remote Control Repeater 
(Multi-project P.C.B. 
Karaoke Echo Unit — Echo Board 
— Mixer Board 
Computer Dual User Interface 
*PEsT Scarer 
Variable Bench Power Supply 
Universal Input Amplifier 
Micropower PIR Detector — 2 Controller 
*PIC-OLO 
Active Receiving Antenna 
Soldering Iron Controller 
*PIC Noughts & Crosses Game 
Micropower PIR Detector — 3 
Alarm Disarm/Reset Switch 
lroning Safety Device 


Remote Control Finder 
Rechargeable Handiamp 
* PIC Water Descaler 
PE Time Machine 
Auto-Dim Bedlight 
Portable 12V PSU/Charger 
ar Immobiliser 
Safe and Sound (Security Bleeper 
urtace [hermometer 
Disco Lights Flasher 
Waa-Waa Pedal (Mu | 
* Virtual Scope — Digital Board 
Analogue Board (per board) 
* Water Wizard 
Kissometer 








JULY'97 













SEPT’97 











168 
69 
170 


OCT’97 


























utoria 
The Handy Thing (Double-Sided) 
ry tetid p Reminder 
* Audio System Remote Controller — PSU 
Main Board 









imple Metal Detector 
Siale of Drei Tracking Power Supp! 
ingle or Dual-Tracking Power Supply 
*RC-Meter 










MAY’98 
plifier 


“wie | Auto-Light 

Stereo Tone Control plus 20W Stereo Am 
Tone Control 
20W Amplifier 

* Dice Lott 

EPE Mood Se 

*AT89C2051/1051 
Main Board 
Test Board 

* Reaction Timer 
PIC 16x84 Toolki 

* Greenhouse Computer 
Control Board 

PSU Board 
oat Charger 

Lightbulb Saver 

Personal stereo Am 
Multi-project PCB 

* Greenhouse Radio Link 

*PIC Altimeter 

Voice Processor 

* Digiserv R/C Expander 

IR Remote Control 
Transmitter 

Receiver 




















JUNE’98 





r 
Programmer 









Software onl 







JULY’98 








ier SEPT’98 
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p 

Electronic Thermostat 

T-Stat 
PhizzyB 

A-PCB B-CD-ROM C-Prog. Microcontroller 
15-Way IR Remote Control 

Switch Matrix 

15-Way Rec/Decoder 


Bee (A)(B)(C) 


211 
212 


p 
Handheld Function Generator 
* Fading Christmas Lights 
PhizzyB |/O Board (4-section) 
'winkle Twinkle Reaction Game 
*EPE Mind PiCkler 
PhizzyB I/O Board (4-section) 
Alternative Courtesy Light Controller 


ight Alarm 
* Wireless Monitoring System — Transmitter 
Receiver 
*PIC MIDI Sustain Pedal Software onl 
ireless Monitoring Sy 
F.M. Trans/Rec Adaptors 
*Time and Date Generator 
Auto Cupboard Light 
Smoke Absorber 
lroning Board Saver 
Voice Record/Playback Module 
Mechanical Radio (pair) 
* Versatile Event Counter 
PIC Toolkit Mk 2 
A.M./F.M. Radio Remote Control 
Transmitter 
Receiver 
* Musical Sundial 
PC Audio Frequency Meter 
*EPE Mood PICker 
12V Battery Tester 
Intruder Deterrent 
L.E.D. Stroboscope 
(Multi-project PCB) 


Ultrasonic Puncture Finder 
*8-Channel Analogue Data Logger 
Buffer Amplifier (Oscillators Pt 2) 
Magnetic Field Detective 

Sound Activated Switch 





JUNE’99 


JULY'99 


Freezer Alarm (Multi-project PCB) 


Child Guard 
Variable Dual Power Suppl 





EPE SOFTWARE 


Software programs for EPE projects marked with an asterisk * are 
available on 3.5 inch PC-compatible disks or free from our Internet 
site. Four disks are available: PIC Tutorial (Mar-May ’98 issues); 


PIC Toolkit Mk2 (Mar-Jun ’99 issues); PIC Disk 1 (Apr ’'95—Dec ’98 
issues); EPE Disk 2 (Jan ’99 issue to current cover date). The disks 
are obtainable from the EPE PCB Service at £2.75 each (UK) to cover 
our admin costs (the software itself is free). Overseas (each): £3.35 
surface mail, £4.35 each airmail. All files can be downloaded free from 


Order Code __s Project Quantity 


PN ic Hue, BAB oa cecdadecoececccesesSlaacwaterctbbtees 


| enclose payment Of £.............ccccssssssseeeees (cheque/PO in £ sterling only) to: 


Everyday 
Practical Electronics 


MasterCard or Visa No. 
Minimum order for credit cards £5 


Signature.............. Bite hilien > Say pornos: 2 oe Card Exp. Date........... 
Please supply name and address of cardholder if different from the address shown 


EPE PRINTED CIRCUIT 
BOARD SERVICE 


Price 


EUROCARD 


MasterCard 


y NOTE: You can order p.c.b.s via our Internet site on a secure server: 4 


http://www.epemag.wimborne.co.uk 
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ELECTRONICS 


TODAY INTERNATIONAL 


Everyday Practical Electronics/ETI reaches twice as 
many UK readers as any other independent monthly 
hobby electronics magazine, our audited sales 
figures prove it. We have been the leading 
independent monthly magazine in this market for the 
last fourteen years. 





















If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2-5cm). 
The prepaid rate for classified adverts is 30p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics/ET| Advertisements, Mill Lodge, Mill Lane, Thorpe-le- Soken, Essex 


CO16 OED. Phone/Fax (01255) 861161. 


For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 





RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
Up to 20 volts d.c. at 1 amp continuous, 1-5 amps peak, 
fully variable from 1 to 20 volts. Twin 


Voltage and ge AH a 
Current meters ges 
Post £4 


ure you worried that your customers 
will insist on using the Euro and se 
, i ie’ leave you off their list of suppliers’? 
see www. AstraAccounts. for a Pan-European 
solution to help you with this looming problem 
S&S Systerns Ltd, Bretion Court, $26 SPS, OK 


BRAND NEW SINCLAIR SPECTRUM 
& QL PARTS 
ZX MICRODRIVES £15, INTERFACE ONE £20, 


CARTRIDGES 10 FOR £15, 50 FOR £50. 


QL BOARDS 5, 6 & 7, POPULATED WITH 
JS ROMS, £30; UNPOPULATED, £12; MICRODRIVES 
£10 EACH, TOP & BOTTOM CASES £15, 
MEMBRANES £15 


THE P.C., MAC and QL’s “Little Friend” 
MAC LINK £10 — P.C. LINK £25 — QL LINK £12 
CAMBRIDGE Z88 A4 NOTEBOOK 
COMPUTER AVAILABLE AGAIN £99, 
RECONDITIONED £60 
ONLY 1” THICK, 4xAA BATTS. 20 HOURS WORK. 

LCD poe 72 Crs, 6 LINES, 32K RAM 


BASE, IMP/EXPORT TO PC etc, V52 TERMINAL. 
W.N. RICHARDSON & Co. 
PHONE/FAX 01494 8713196 
RAVENSMEAD, CHALFONT ST PETER, 
BUCKS, SL9 ONB. 


y 4 — t=} IOW AVAILABLE WITH 
42), @e-\) | Oo 4 Ge OV. 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


GNVQ ADVANCED ENGINEERING 
(ELECTRONIC) — PART-TIME 
HND ELECTRONICS — FULL-TIME 
B.Eng FOUNDATION — FULL-TIME 
Next course commences 
Monday 13th September 1999 
FULL PROSPECTUS FROM 


MO) | S10) i = eng 10), eee] RR ci = 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: 0171-373 8721 








Miscellaneous 





G.C.S.E. ELECTRONIC KITS, at pocket 
money prices. S.A.E. for FREE catalogue. SIR- 
KIT Electronics, 52 Severn Road, Clacton, 
CO15 3RB. 

PRINTED CIRCUIT BOARDS - QUICK 
SERVICE. Prototype and Production. Artwork 
raised from magazines or draft designs at low 
cost. PCBs also designed from schematics. 
Production assembly also undertaken. For 
details send to P. Agar, Unit 5, East Belfast 
Enterprise Park, 308 Albertbridge Road, Belfast, 
BTS 4GX, or phone/fax 01232 738897. 
VALVE ENTHUSIASTS: Capacitors and other 
parts in stock. For free advice/lists please ring, 
Geoff Davies (Radio), Tel. 01788 574774. 
PROTOTYPE PRINTED CIRCUIT 
BOARDS one offs and quantities, for details 
send s.a.e. to B. M. Ansbro, 38 Poynings Drive, 
Hove, Sussex BN3 8GR, or phone Brighton 
883871, fax 01273 706670. 

SINGLE BOARD COMPUTER: PIC16F84 
89C2051, ACR90S1200 and 68HC11 with real 
time clock, I2C EEPROM, RS232, RS485, 128 
KB-1MB EPROM Emulator. Fax 852 29522558 
(Hong Kong), http://www.wvtek.com. 
SECOND USER TEST EQUIPMENT FOR 
SALE: Scopes, generators, dmms, etc. HP, 
Tektronix, Datron, Hameg, Marconi, Fluke, 
etc. Low prices. Also some non-working 
equipment for parts, experiments, etc. Ring 
or E-mail for list. 07930 144803 or 
bford@ mitectelcom.com. 

FREE CATALOGUE: New company offers 
surplus stock to the public, components, tools 
and anything that comes along. Phone or write 
to: WCN Supplies, 61 Millbrook Road East, 
Southampton SO15 1HN. Tel. 01703 226522. 
WANTED: Probes for Bell Model 640 
Gaussmeter or would consider complete unit. 
Phone/Fax 0121 357 9909. 


ENTERPRISING PERSON with knowledge 
and capability of making alarms wanted for a 
great idea I have. Fifty-fifty split is guaran- 
teed for this genuine proposition, I'm definite 
we will get a result. Please contact: Dean 
Felix, 19 Eastland Walk, Bramley, Leeds 
LS13 2HA. 

MICROCHIP PICMASTER EMULATOR 
complete with PIC16C71 module, psu and 
leads, etc., used once only, £225. Tel. Leeds 
0113 252 4186. 

PART-TIME ELECTRONICS OR ELEC- 
TRICAL ENTHUSIAST wanted for work on 
electronic project, must be a real whizz kid. 
Apply with all relevant details to Eng Group 
Services Ltd., Unit 10 Fazeley Street Ind. Estate, 
Birmingham B5 5RS. 

REPLACEMENT LAMPS at the lowest 
prices, all types supplied, e.g. standard, pygmy, 
reflector, coloured, disco, stage, low energy, 
halogen, sodium, metal halide. We also supply 
decorative fibre option lamps, bubble tubes, lava 
lamps etc.; quantity discounts. Phone/Fax 01260 
2/1573. 

DISCO AND PA EQUIPMENT at discount 
prices. Radio mics from £100, twin CD 
player £289, 2 x 160W amplifier £185, 2 x 
400W amplifier £329, 3-disc karaoke player 
£209, mixing packages from £229, Par56 inc. 
lamp £26. Phone/Fax for price list: 01260 
271573. 

40 x SIEMENS V23102 24V SSR, £50 ono; 
50 x Gen. Semiconductor MBR1060 power 
Schottky diodes, £40 ono; 3 x Hitachi mono- 
chrome display (120mm x 90mm display), £40 
each ono; 1 x Raaco professional pcb repair 
kit, £100 ono; 1 x Cliff solder fume extractor, 
£50 ono; 1 x wrist strap test point, £40 ono. All 
items brand new and boxed/tubed. Tel. 01535 
600726 


EPE FTP site: ftp://ftp.epemag.wimborne.co.uk 


Access the FTP site by typing the above into your web browser, or by setting up an FTP session 
using appropriate FTP software, then go into quoted sub-directories: 


PIC-project source code files: /pub/PICS 


PIC projects each have their own folder; navigate to the correct folder and open it, then fetch all 
the files contained within. Do not try to download the folder itself! 


EPE text files: /pub/docs 
Basic Soldering Guide: solder.txt 


EPE TENS Unit user advice: tens.doc and tens.txt 
Ingenuity Unlimited submission guidance: ing_unlt.txt 


New readers and subscribers info: epe_info.txt 

Newsgroups or Usenet users advice: usenet.txt 
Ni-Cad discussion: nicadfaq.zip and nicad2.zip 
UK Sources FAQ: uksource.zip 

Writing for EPE advice: write4us.txt 


THE BRITISH AMATEUR 
ELECTRONICS CLUB 


exists to help electronics enthusiasts by 
personal contact and through a quarterly 





Ensure you set your FTP 
software to ASCII transfer 
when fetching text files, or 
they may be. unreadable. 
















Newsletter. 
Note that any file which ends 
ak bball chor sons wie Ne On-line readers! Try the new EPE Chat Zone — in .zip “bade unzipping 
Mr. M. P. Moses, a virtually real-time Internet “discussion before use. Unzip utilities 
5 Park View, Cwmaman, board” in a simple to use web-based forum! can be downloaded from: 
Aberdare CF44 6PP http://;www.epemag.wimborne.co.uk/wwwboard http://www.winzip.com or 
nay hw inate as Or buy EPE Online: www.epemag.com http://www.pkware.com 
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TRAIN TODAY FOR A BETTER FUTURE 


Electrical Contracting & Installation 
Electrical Engineering 

C&G Basic Electronic Engineering 

C&G Basic Mechanical Engineering 

TV and Video Servicing 

Radio and Hi-Fi Servicing 

Refrigeration Heating & Air Conditioning 


Now you can get the skills and qualifications you need for 
career success with an ICS home Study Course. Learn in the 
comfort of your own home at the pace and times that suit you. 
ICS is the world's largest, most experienced home study 
school. Over the past 100 years ICS have helped nearly 10 
million people to improve their job prospects. Find out how we 
can help YOU. Post or phone today for FREE INFORMATION 
on the course of your choice Motorcycle Maintenance 


FREEPHONE 0500 581 557 


Or write to: International Correspondence Schools, FREEPOST 882, 8 Elliot Place, 
Clydeway Skypark, Glasgow, G3 8BR. Tel: 0500 581 557 or Tel/Fax: Ireland 01 285 2533. 


Please send me my Free Information on your Electronics Courses. 








Mr/Mrs/Ms/Miss 
BLOCK CAPITALS PLEASE Date of Birth eae 


= eienadeemmmmmmnmmamatrette 225.5) 


Postcode 
Tel. No. 


From time to time, we permit other carefully screened organisations to write to you about 0608 
products and services. If you would prefer not to hear from such organisations please tick box [1] Dept. Zee me 














Occupation 


SUPPLIER OF QUALITY USED 
TEST INSTRUMENTS 


st 


ais 


333 


CONTACT 


Bagh po: fe Inter Lid fonal 


Bognor Regis, West Sussex, PO22 OHD, UK 
Tel: (+44) 01243 545111/2. Fax: (+44) 01243 542457 
Web: http:\\www.cooke-int.com 
E-mail: info@cooke-int.com 


CONTACT 


Ruan fe Int e Site, Barnham, 


Bognor Regis, West Sussex, PO22 OHD, UK 
Tel: (+44) 01243 545111/2. Fax: (+44) 01243 542457 
Web: http:\\www.cooke-int.com 
E-mail: info@cooke-int.com 





Professional 88-108MHz FM Broadcasting Kits 


All Our Kits 


Detailed Instructions with Schematics 
High Quality Screen Printed PCBs 
High Quality Components 









Tareueleis 












OTUT ae cinele leon late |alelemialeele ler) 


Transmitters from 0-05W to 35W 
FM Stereo Coders 

Audio Compressor Limiters 
Antennas 

RF Power Amps 


‘OTT a Sitcom sVacm icles Wicli tsi elie 
Fully Assembled And Tested 









1W Professional PLL FM Transmitter for Licenced Use in the UK 
Visit our Website at http://www.veronica.co.uk 






WE DELIVERY WORLD-WIDE AND 
ACCEPT MAJOR CREDIT CARDS 


Contact Us Now For A Free Brochure 


el 01274 883434 Fax 01274 428665 
email info@veronica.co.uk 
Unit 5/6 1A Sandbeds/Albert Rd Queensbury BRADFORD BD13 1AA 













N. R. BARDWELL LTD (EPE) 


Asstd. disc ceramic capacitors 

Asstd. Skel Presets (sm, stand, cermet) £1 00 
Asstd. RF chokes (inductors) £1.00 
Asstd. grommets 

Asstd. solder tags, p/conns, terminals .£1 00 
Asstd. crystals — plug in £1.00 
Asstd. coil formers 

Asstd. dil switches 

Miniature slide switches sp/co 

Standard slide switches dp/dt 

Assid. if transformers 

Asstd. beads (ceramic, teflon, fish spine) £1 00 
Asstd. small stand offs, Vthroughs etc .£1.00 
Asstd. dil sockets up to 40 way 

TV coax plugs, plastic 

Small spring loaded terminals é 
metres very thin connecting wire, red . .£1.00 
lin. glass reed switches £1.00 
Magnetic ear pips with lead and plug .£1.00 
Any one value '/4W 5% cf resistors range 

1R to 10M 0.45 


100 Signal Diodes 1N4148 

75 Rectifier Diodes 1N4001 

Rectifier Diodes 1N4007 

W01 Bridge Rectifiers 

555 Timer |.C.s 

741 Op Amps 

Assorted Zener Diodes 400mW 

Assorted 7-segment Displays 

5mm |.e.d.s, red, green or yellow 

3mm l.e.d.s, red, ib macs or yellow } 
Axial |.e.d.s, 2mcd red Diode Package .£1.00 
Asstd. High Brightness |.e.d.s, var cols .£1.00 
BC182L Transistors 

BC212L Transistors 

BC237 Transistors 

BC327 Transistors 

BC328 Transistors 

BC547 Transistors 

BC548 Transistors 

BC549 Transistors 

BC557 Transistors 

BC558 Transistors 

BC559 Transistors 

2N3904 Transistors 

inf 50V wkg Axial Capacitors 

4N7 50V wkg Axial Capacitors 

luf 250V encapsulat i 

cased capacitors 

Asstd capacitors electrolytic- 

Asstd. capacitors 1nF to 1uF 


=-mail sales@Bardwells.co.uk 
Web site: http://www.bardwells.co.uk 


4 
50 
12 
25 
25 
50 
25 
20 
25 
30 
20 
30 
30 
30 
30 
25 
30 
30 
20 
100 
100 
12 
80 
80 
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VARIABLE VOLTAGE 


TRANSFORMERS 





INPUT 220V/240V AC 50/60Hz OUTPUT OV-260V 
PANEL MOUNTING 

Price P&P 

0-5KVA 2:5 amp max £33.00 £6.00 

(£45.84 inc VAT) 

£7.00 


1KVA 5 amp max £45.25 
(£61.39 inc VAT) 
SHROUDED 
0-5KVA 2-5 amp max £34.00 £6.00 
(£47.00 inc VAT) 
1KVA 5 amp max £46.25 £7.00 
(£62.57 inc VAT) 
2KVA 10 amp max £65.00 £8.50 
(£86.36 inc VAT) 
3KVA 15 amp max £86.50 £8.50 


(£111.63 inc VAT) 
5KVA 25 amp max £150.00 (+ Carriage & VAT) 
Buy direct from the Importers. Keenest prices in the country. 


500VA ISOLATION TRANSFORMER 


TOROIDAL L.T. TRANSFORMER 


Fixing bolt supplied. 
Price £25.00 carriage paid + VAT (£29.38) 


COMPREHENSIVE RANGE OF TRANSFORMERS-— 
LT- ISOLATION & AUTO 


delivery. 


ULTRA VIOLET BLACK LIGHT BLUE 
FLUORESCENT TUBES 
4ft. 40 watt £14.00 (callers only) (£16.45 inc VAT) 
2ft 20 watt £9.00 (callers only) (£10.58 inc VAT) 
12in 8 watt £4.80 + 75p p&p (£6.52 inc VAT) 


gin 6 watt £3.96 + 50p p&p (£5.24 inc VAT) 
Gin 4 watt £3.96 + 50p p&p (£5.24 inc VAT) 
230V AC BALLAST KIT 


For either 6in, 9in or 12in tubes £6.05+£1.40 p&p (£8.75 inc VAT) 


security markings, effects lighting & Chemical applications. 
Sensitive applications. Please telephone your enquiries. 


400 WATT BLACK LIGHT 

BLUE UV LAMP 

GES Mercury Vapour lamp suitable for 
use with a 400W PF. Ballast. 

Only £39.95 incl. p&p & VAT 








Open 


Monday/Friday Tel: 0181-995 1560 


Input lead 240V AC. Output via 3-pin 13A socket. 240V AC 
continuously rated. mounted in fibreglass case with handle. 
Internally fused.Price £35.00 carriage paid + VAT (£41.13) 


Primary 0-240V AC. Secondary 0-30V + 0-30V 600VA. 


110V-240V Auto transfer either cased with American socket 
and mains lead or open frame type. Available for immediate 


The above Tubes are 3500/4000 angst. (350-400um) ideal for detecting 
Other Wavelengths of UV TUBE available for Germicidal & Photo 


SERVICE TRADING CO 


57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB rjc 





5 KVA ISOLATION TRANSFORMER 
As New. tia) opal fully shrouded, Line Noise 
Suppression, Ultra Isolation Transformer with termi- 
nal covers and knock-out cable entries.Primary 
120V/240V, Secondary 120V/240V, 50/60Hz, 
0-005pF Capacitance. Size, L 37cm x W 19cmc x H 
16cm, Weight 42 kilos. Price £120 + VAT. Ex-ware- 
house. Carriage on request. 
24V DC SIEMENS CONTACTOR 
Type 3TH8022-0B 2 x NO and 2 x NC 230V AC 10A. 
Contacts. Screw or Din Rail fixing. Size H 120mm x 
W 45mm x D 75mm. Brand New Price £7.63 incl. 
p&p and VAT. 
240V AC WESTOOL Henge 
2 Mod. 1 Rat. 1 Max. stroke %/gin. Base mounting 
/gin. stroke 5ibs pull approx. TT6 Mod. 1 Rat. 1 
Max. stroke 1in. Base mounting 'iin. stroke 15lb 
al approx. SERIES 400 rx 1 Rat. 2 Max. stroke 
/gin. Front mounting in. stoke 15lbs_ pull 
Box. Price incl. p&p & VA 5 £5.88, TT6 £8.81, 
S RIES 400 £7.64. 
AXIAL COOLING FAN 
230V AC 120mm square x 38mm 3 blade 10 watt 
Low Noise fan. Price £7.29 incl. p&p and VAT. 
Other voltages and sizes available from stock. 
Please telephone your enquiries. 
INSTRUMENT CASE 
Brand new. Manufactured by Imhof. L 31cm x H 
18cm x 19cm Deep. Removable front and rear panel 
for easy assembly of your components. Grey tex- 
tured finish, complete with case feet. Price £16.45 
incl. p&p and VAT. 2 off £28.20 inclusive. 
DIECAST ALUMINIUM BOX 
with internal PCB guides. Internal size 265mm x 
165mm x 50mm deep. Price £9.93 incl. p&p & VAT. 2 
off £17.80 incl. 
230V AC SYNCHRONOUS GEARED MOTORS 
Brand new Ovoid Gearbox Crouzet type motors. H 
65mm x W 55mm x D 35mm, 4mm dia. shaft x 10mm 
long. 6 RPM anti cw. £9.99 incl. p&p & VAT. 
20 RPM anti cw. Depth 40mm. £11.16 incl. p&p & VAT. 
































SOLID STATE EHT UNIT 
Input 230V/240V AC, Output approx 15KV. 
Producing 10mm spark. Built-in 10 sec timer. 
Easily modified for 20 sec, 30 sec to continuous. 







Designed for boiler ignition. Dozens of uses in 

the field of physics and electronics, e.g. sup- 

pying neon or argon tubes etc. Price less case 
50+£2.40 P&P (£12.81 inc VAT) NMS. 














EPROM ERASURE KIT 

Build your own EPROM ERASURE for a fraction ot the 
price of a made-up unit. Kit of parts less case includes 
12in. 8watt 2537, Angst Tube Ballast unit, pair of bi-pin 
leads, neon indicator, on/off switch, safety microswitch 
and circuit £15.00+£2.00 p&p. (£19.98 inc VAT) 
WASHING MACHINE WATER PUMP 
Brand new 240V AC fan coos Can be used for a 
variety of purposes. Inlet 1'/oin., outlet 1in. dia. 
Price includes p&p & VAT. e' .20 each or 2 for 
£20.50 inclusive. 













3 VISA : 









FAX: 0181-995 0549 Parking Space 






NEW SPECIAL OFFERS 


Amiga genlock pcb (uncased) for titling videos it has 
a 23pin D lead to plug into the co a eel and pcb 
pins for composite video in and out. When no video 
input is connected the normal computer display is 
shown on the composite video out when the video 
input is added the white areas on the screen are 
replaced by the video image. The pcb is powered 
from the computer 
WATCH SLIDES ON TV **Liesgang diatv” automatic 
slide viewer with built in high qual ty colour tv cam- 
era, composite video output wit NC plug. In very 
ood condition with few signs of use £108.00 
oard cameras all with 512x582 pixels 4.4x3.3mm 
sensor with composite video out. All need to be 
housed in your own enclosure and have fragile 
exposed surface mount parts and require 10 
12V dc power supply. 
47MIR size 60x36x27mm with 6 infra red leds (gives 
the same illumination as a small torch would) 
£50.00+vat=£58.75 
MP size 39x38x23mm spy camera with a fixed focus 
pin hole lens for hiding behind a very small hole 
£57+vat=£366.98 
40MC size 39x38x28mm camera for ‘C’ mount lens 
this gives a much clearer picture than with the small 
£68.79 
Standard ‘C’ mount lens F1.6 16mm for 40MC 
£26.43+vat=£31.06 
Waterproof camera with stylish tilt & swivel case. 
£92.76+vat=£109.00 or 10+£89.32+vat=£104.95 
DTA30 Handheld transistor analyser it tells you 
which lead is the base, the collector and emitter and 
if it is NPN or PNP or faulty. HMA20 handheld MOS- 
FET analyser identifies gate drain and source and if 
P or N channel DTA30 & HMA20 £38.34 each 
DCAS50 component analyser with Icd readout identi- 
fies transistors, mosfets, diodes & LEDs lead pa 
69.9 
Speaker cabinets 2- er | speaker _— with Motorola tweeters 
speaker dia 15” 12 
power rating 250W RMS 175WRMS 100W RMS 
gb 80hm 8ohm 8ohm 
freq. ra 40hz-20kHz 45hz-20kHz 60hz-20kHz 
sersitivity(W/1M) 97dB 94dB 92dB 
size in mm 500x720x340 450x640x345 315x460x230 
weight 21.1kg 16.8kg 7.4kg 


price each for black 
vinyl coating £139.95 £99.99 £54.94 
aad felt coating £159.97" £119.97** £64.99 


*snot normally in stock allow 1 week for delivery) 


Power amplifiers 19” rack mount with gain controls 

STA150 2x160Wrms (4ohm load) 14kg £202.11 
STA300 2x190Wrms (40hm load) 11kg £339.00 
STA900 2x490Wrms (40hm load) 15kg £585.00 


LEDs 3mm or 5mm red or green 7p each yellow 11p each 
Cable ties 1p each £5.95 per 1000 £49.50 per 10,000 
Rechargable Batteries 

AA(HP7) 500mAH . . £0.99 AA ee og solder tags £1.55 
AA 950mAH £1.75 C(HP11) 1.2A\ £2.20 
C 2AH with solder tags £3.60 D(HP2) 1 oan 

D 4AH with solder tags .£4.95 PP3 8.4V 110mAH 

1/2AA with solder tags .£1.55 Sub C with solder tags 

AAA (HP16) 180mAH £1.75 1/3 AA with tags ( hiigsTVNEt 5 
Nickel Metal Hydryde AA cells high capacity with no 
memory. If charged at 100mA and discharged at 250mA or 
less ; 300mAH capacity (lower capacity for high eeoy 3 
rates 





Special offers please check for availability stick of 4 
42x16mm Nicad batteries 171mmx16mm dia with red & 
black leads 4.8V £5.95 
5 button cell 6V 280mAh battery with wires (Varta 
5x250DkK) £2.45 
Orbitel 866 battery pack 12V 1.60AH contains 10 sub C 
cells with solder tags (the size most commonly used in 
cordless screwdrivers and drills 22 diax42mm tall) it is 
easy to crack open and was manufactured in 1994 

£8.77 each or £110.50 per box of 14 
BCI box 190x106x50mm with slots to house a pcb the lid 
contains an edge connector (12-way 8mm pitch) and 
screw terminals to connect in wires and 5 slide in cable 


7-segment common anode led display 12mm .... 
GaAs FET low leakage current 73. £12.95 each 
£9.95 10+ £7.95 100+ BC547A transistor 20 for £1.00 
SL952 UHF Limiting amplifier LC 16 surface. mounting 
ckage with data sheet £1.95 
C-DC convertor Reliability model V12P5 12V in 5V 
200mA out 300V input to output Isolation with data 
£4.95 each or pack of 10 £39.50 
Airpax A82903-C large stepping motor 14V 7.5’ step 
27ohm 68mm dia body 6.3mm shaft 
£8.95 or £200.00 for a box of 30 
Polyester capacitors box type 22.5mm lead pitch 0.9uF 
250V dc 18p each, 14p 100+, 9p 1000+, 1uf 250Vdc 20p 
each,15p 100+,10p 1000+ 
Polypropylene 1uf 400V dc (Wima MKP10) 27.5mm pitch 
32x29x17mm case 75p each 60p 100+ 
Philips 123 series solid aluminium axial leads 33uF 10V & 
F 40V 40p each, 25p 100+ 
Solid carbon resistors very low inductance ideal for RF cir- 
cuits 27ohm 2W, 68ohm 2W 25p each 15p each 100+, we 
have a range of 0.25W 0.5W 1W and 2W solid carbon 
resistors, please send SAE for list. 
MX180 Digital multimeter 17 ranges 1000V dc 750V ac 
2Mohm 200mA transistor Hfe 9V and 1.5V battery test 
£9.95 


Hand held ultrasonic remote control 
CV2486 gas relay 30x10mm dia with 3 wire terminals wil 
also work as a neon light . . .20p each or £8.50 per 100 
Varbatim R300NH Streamer tape commonly used on ne 
machines and printing presses etc. it looks like a normal 
cassette with a slot cut out of the top £4.95 each 
(£3.75 100+) 
Heatsink compound tube £0.95 
HV3-2405-E5 5-24V 50mA regulator ic 18-264V ac input 8 
pin DIL package £3.49 each (100+ £2.25) 
All products advertised are new and unused unless other- 
wise stated. Wide range of CMOS TTL 74HC 74F Linear 
Transistors kits, rechargable batteries, capacitors, tools 
etc always in stock. 
Please add £1.95 towards P&P (orders from the Scottish 
Highlands, Northern Ireland, Isle of Man, Isle of Wight and 
overseas may be subject to higher P&P for heavy 
items).VAT included in all prices. 


JPG ELECTRONICS 
276-278 Chatsworth Road 
Chesterfield S40 2BH 
Access/Visa orders: 

Tel: (01246) 211202 Fax: (01246) 550959 


Callers welcome 9.30 am to 5.30 pm 
Monday to Saturday 


703 


a 


RESISTORS HALF PRICE 
0:25W 5% Carbon E12 values 3R9 to 10M = NOW ONLY ip 
0-5W 5% Carbon E12 values 4R7 to 4M7 NOW ONLY tp 
0-5W 2% Metal Film E24 values 10R to 1M NOW ONLY 2p 
POTENTIOMETERS HALF PRICE 
SINGLE-gang 25mm LIN: 1k, 5k, 22k, 47k, 220k, 470k, 2M2 28p 
SINGLE-gang 25mm LOG: 4k7, 25k, 100k, 1M 
SWITCHED single LIN: 4k7, 10k, 25k, 100k 2p 
SWITCHED single LOG: 47k, 100k ONLY PRICE TODAY ap 
DUAL-gang 25mm LIN: 10k, 100k, 500k, 2M2 NOW 94p 
DUAL-gang 25mm LOG: 10k, 25k, 47k, 100k, 470k, 2M2 99p 
PRESETS open VERTICAL: 100R, 220R, 470R, 2k2, 4k7, 
10k, 22k, 47k 220k, 470k, 1M, 2M2, 4M7_ EACH NOW 5p 
HORIZONTAL: 100R, 470R, 2k2, 220k, 2M2 AGAIN 5p 
ACOUSTIC DEVICES HALF PRICE 
BUZZERS 9V Mechanical type, round 49p 
CASSETTE microphone with 2:5/3-5mm plugs & switch99p 
CRYSTAL microphone with integral desk stand 199p 
CRYSTAL microphone inserts, round 52p 
EARPIECES 8 ohm, specify 2:5mm or 3- ih plug 27p 
MINIATURE loudspeaker 8 ohm 2in. appro 49 
RADIAL ELECTROLYTICS HALF PRICE 
Qu2/25V, 4u7/25V, 4u7/40V, 10u/16V, 22u/16V, 22u/25V 2p 
22u/50V, 22u/63: 33u/25V, 33u/50V, 47u/16V, 47u/25V 3p 
33u/160V 10p; 47/63 5p; 100u/25V 3p; 100u/63V 6p; 
220u/10V, 220u/16V +H ; 220u/25V 5p; 220u/63V 14p; 
330u/10V 5p; 470u/16V, 470u/25V 6p; 1000u/25V 11p; 
2200u/6V3 14p; 200u/10V 16p (ALL STANDARD SIZE) 
Above haa rices based on pe ril 1998 catalogue 
BUY NOW - Halt Price Summer Sale ends 30 Sept 1999 


SEMICONDUCTORS HALF PRICE 
CMOS 4001UB 32p; 4002UB 14p; 4009UB 40p; 4011UB 12p; 
CMOS 4011B 10p; r4012UB be io aUB 29p; 4031UB 40p; 
CMOS 4033UB, 4036UB, 4037UB, 4039UB, 4041UB, 4045UB 49p; 
CMOS 4055UB 49p; 4060UB S5p UB=Unbutfered Devices) 
THYRISTORS: C106B1 3A/100V 1 106D1 3A/400 17p; 
BRIDGE RECTIFIERS HALF PRICE 
W005 1-5A/50V RND 11p; 1A/200V SQ 11p; 2A/1000V SQ 14p; 
3:2A/40V IN-LINE 19p; 4A/400V IN-LINE 24p 
TRANSISTORS HALF PRICE 
AC125 42p; AC127/8 18p; AC141K 26p; AC142 33p: AC176 42p; 
AC176K 32p; AC187 21p; ACY17 226p; AD142 156p; AD161/2 49p 
BATTERY HOLDERS 
9V 6 x AA, 60 x 45 x 28mm rectangular, PP3 conn. 28p 
6V 4xC, 215 x 30 x yep -line, te ga tagconn. 35p 
5-pin DIN 180° to 3-5mm plug 1 ry 4 linked 
35 to 3-5 plug 1-5m spiral screen 
3-pin DIN plug to 3-pin DIN socket 1-5m 
STEREO jack plug to 2 x 2 wire ends 49p 
CASSETTE MAINS lead 49p; Seng ats hig only 25p 
MISCELLANEOUS BAR 
LEDs 5mm GREEN OR YELLOW NOW ONLY 5p EACH 
FIRST COME - FIRST SERVED. ALL SUBJECT TO STOCK 
Send SAE for list of 1997/98/99 EPE KITS available. 
P&P ONLY £1. NO VAT. Send SAE for COMPONENT lists 
ALL MAJOR CREDIT CARDS, CHEQUES & POs ACCEPTED 


FML ELECTRONICS, THE BUSINESS CENTRE 
BRIDGE STREET, BEDALE, NORTH YORKSHIRE DL8 2AD 
TEL: 01677 425840 





COVERT VIDEO CAMERAS 


Black and White Pin Hole Board Cameras 
with Audio. Cameras in PI.R., Radios, 
Clocks, Briefcases etc. Transmitting 
Cameras with Receiver (Wireless). 
Cameras as above with colour. 
Audio Surveillance Kits and Ready Built 
Units, Bug Detector etc. 


A.L. ELECTRONICS 


Please phone 0181 203 0161 for free catalogue. 
Fax 0181 201 5359 


New DTI approved Video Transmitters and Receivers (Wireless) 


SHERWOOD ELEC tnONNTS 


FREE COMPONENTS 


Buy 10 x £1 1 Special Packs and choose another one FREE 


SP1 15 x 5mm Red LEDs 

SP2 12 x 5mm Green LEDs 

SP3 12 x 5mm Yellow LEDs 

SP6 15 x 3mm Red LEDs 

SP7 12 x 3mm Green LEDs 

SP10 100 x 1N4148 diodes 

SP11 30 x 1N4001 diodes 

SP12 30 x 1N4002 diodes 

SP18 20 x BC 182 transistors 

SP20 20 x BC 184 transistors 

SP21 20 x BC212 transistors 

SP23 20 x BC549 transistors 

SP24 4 x CMOS 4001 

SP25 4 x 555 timers 

SP26 4 x 741 Op.Amps 

SP28 4 x CMOS 4011 

SP29 3 x CMOS 4013 

SP31 4 x CMOS 4071 

SP36 25 x 10/25V radial elect. caps. 
SP37 15 x 100/35V radial elect. caps. 
SP39 10 x 470/16V radial elect. caps. 
SP40 15 x BC237 transistors 

SP41 20 x Mixed transistors 

SP42 200 x Mixed 0:25W C.F. resistors 
SP47 5 x Min. PB switches 

SP102 20x 8-pin DIL sockets 

SP103 15x 14-pin DIL sockets 

SP104 15x 16-pin DIL sockets 

SP105 4 x 74LS00 

SP109 15 x BC557 transistors 

SP111 15 x Assorted polyester caps 
SP112 4 x CMOS 4093 

SP115 3 x 10mm Red LEDs 

SP116 3 x 10mm Green LEDs 
SP118 2 x CMOS 4047 

SP120 3 x 74LS93 

SP124 20x Assorted ceramic disc caps 
SP130 100 x Mixed 0-5W C.F. resistors 
SP131 2 x TLO71 Op.Amps 


RESISTOR PACKS — C.Film 
5 each value — total 3650:25W £2.80 
10 each value — total 730 0:-25W £4.00 
1000 popular values 0-25W £5.80 
5 each value-total 365 0-5W £3.75 
10 each value-total 730 0-5W £6.35 
1000 popular values 0-5W £8.10 


SP133 
SP134 
SP135 
SP136 
SP137 
SP138 
SP140 
SP142 
SP143 


20 x 1N4004 diodes 
15 x 1N4007 diodes 
6 x Min. slide switches 
3 x BFY50 transistors 
4 x W005 1-5A bridge rectifiers 
20 x 2°2/63V radial elect. caps. 
3 x W04 1-5A bridge rectifiers 
2 x CMOS 4017 
5 Pairs min. crocodile clips 
(Red & Black) 
6 x ZTX300 transistors 
10 x 2N3704 transistors 
5 x Stripboard 9 strips x 
25 holes 
4 x 8mm Red LEDs 
4 x 8mm Green LEDs 
4 x 8mm Yellow LEDs 
15 x BC548 transistors 
3 x Stripboard, 14 strips x 
27 holes 
10 x 2N3904 transistors 
10 x 2N3906 transistors 
2 x LF351 Op.Amps 
6 x BC107 transistors 
6 x BC108 transistors 
20 x 1/63V radial elect. caps. 
10 x 1A 20mm quick blow 
fuses 
20 x 4:7/63V radial elect. caps. 
20 x BC547 transistors 
15 x BC239 transistors 
3 x CMOS 4023 
3 x CMOS 4066 
20 x BC213 transistors 
8 x OA90 diodes 
3 x 10mm Yellow LEDs 
6 x 20 pin DIL sockets 
5 x 24 pin DIL sockets 


SP145 
SP146 
SP147 


SP151 
SP152 
SP153 
SP154 
SP156 


SP160 
SP161 
SP165 
SP167 
SP168 
SP175 
SP177 


SP182 
SP183 
SP187 
SP191 
SP192 
SP193 
SP194 
SP195 
SP197 
SP198 


bh: }:): Bi @r-he-llelele(-mare) wah c-lit-1e) (=a am 
inc. P&P or FREE with first order. 
P&P £1.25 per order. NO VAT 
Orders to: 
Sherwood Electronics, 
7 Williamson St., Mansfield, 
Notts. NG19 6TD. 





Millions of quality components 


at lowest ever prices! 
Plus anything from bankruptcy — theft recovery 
— frustrated orders — over productions etc. 
Send 50p stamped self-addressed label or 


envelope for clearance lists. 
Brian J Reed 
6 Queensmead Avenue, East Ewell, 
Epsom, Surrey KT17 3EQ 
Tel: 07775 945386 
Mail Order UK only. 


Lists are updated and only 40 are sent out every 2 weeks. This 
normally ensures that orders can be fulfilled where only a few 
thousands of an item is available. (Payment is returned if sold out. | do 
not deal in credit notes). This will sometimes entail a delay of up to 
eight weeks — but the prices will be worth the wait! 
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THE RENOWED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 ( 100W + 100W ) MXF400 (200W + 200W) 
MXF600 (300W + 300W) MXF900 (450W + 450W) 
ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN 


FEATURES: «* Independent power supplies with two toroidal transformers * Twin L.E.D. Vu Meters 
* Level controls * Illuminated on/off switch * Jack/XLR inputs * Speakon outputs * Standard 775mV 
inputs * Open and short circuit proof * Latest Mos-Fets for stress free power delivery into virtually any 
load * High slew rate * Very low distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. 
loudspeaker and thermal protection. 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 


MXF200 W19” D11” —-H34” (2U) 

Sizes:.  MXF400 wi9” D12” H5:” (3U) 
“  MXF600 W19” D13”—-H52” (3U) 
MXF900 W19” D142” H52” (3U) 





PRICES:- MXF200 £175.00 MXF400 £233.85 


MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 





BASS X MID ATOP BASS/MID XTOP ASSX_MID/TOP 
CONFIGURED 3 WAY 2 WAY BASS/MID COMBINED = 2: WAY MID/TOP COMBINED 
FEATURES: 


Advanced 3-Way Stereo Active Cross-Over (switchable two way), housed in a 19” x 1U case. Each channel 
has three level controls: Bass, Mid & Top. The removable front fascia allows access to the programmable DIL 
switches to adjust the cross-over frequency: Bass-Mid 125/250/500Hz, Mid-Top 1.8/3/5Hz, all at 24dB per 
octave. The 2/3 way selector switches are also accessed by removing the front fascia. Each stereo channel 
can be configured separately. Bass Invert Switches are incorporated on each channel. Nominal 775mV 
input/output. Fully compatible with OMP Rack Amplifier and Modules. 


PRICE:- £117.44 + £5.00 P&P 


The 12 and 16 Channel SPM Series Of Studio Quality Mixers 
Are Ideal For Fixed Installation Stage And Mobile Use. 


* 48v PHANTOM POWER 

* BUILT INPOWER SUPPLY 

* 230V AC/50Hz 

* PEAK INPUT LEVEL LEDS 
* PRE FADE LISTEN (PFL) 

* SUB MASTER OUTPUT 

* COMBINED XLR/ % JACK 

* 60mm FADERS * CH.MUTE =& 
* 2 STEREO AUX.SEND/RETURNS‘ 
* CONSTANT PAN CONTROL 

| * 3 BAND EQ WITH MID SWEEP =| 
* HEADPHONE/CONTROL ROOM O/P 

* CD/TAPE INPUTS & OUTPUTS 
* BALANCED INPUTS & OUTPUTS 
* BUS ASSIGN SWITCH 


* MONITOR SEND iCES-.SPM1202 4MONO MIC/LINE.4STEREO INPUTS £299.00 FREE 
““ SPM1602 BMONO MIC/LINE.4STEREO INPUTS £399.00 UK P&P 










— * 4 STEREO INPUT 
CHANNELS 

* 2 DJ MIC INPUT 
CHANNELS 


* 2X7 BAND GRAPHIC 
EQUALISERS 


* HEADPHONE 

: MONITOR WITH PFL 
— * ASSIGNABLE 
CROSSFADE 

_ * DIGITAL ECHO 

STEREO DISCO MIXER WITH:- *2X7 GRAPHIC EQUALISERS *2 MONO MIC INPUTS *DJ MIC 
WITH FADER, TALKOVER AND VOICE CHANGER *4 STEREO CHANNELS WITH — INDIVIDUAL 
FADERS AND ASSIGNABLE CROSSFADE *CHANNELS SWITCHABLE, TURNTABLE (MAG 
CARTRIDGE), CD, LINE, TAPE, ETC. *ECHO WITH BALANCE, REPEAT AND DELAY 
* HEADPHONE MONITOR WITH PREFADE LISTEN *CHOICE OF 6 SOUND EFFECTS *STEREO 
MONO SWITCH *2 X LED VU METERS *MASTER FADER *OUTPUT 775mV 


_*SIZE:- 482X240X 115mm *POWER:- 230V AC 50/60Hz.PRICE:- £169.00 + £5.00 P&P 


| CYBERWAVE FMM 1000 >... 
* IDEAL FOR:- LIVE BANDS, PUBLIC ADDRESS & KARAOKE ETC. . 
* ON/STANDBY/OFF SWITCH MOUNTED ON MIC BARREL FOR EASE OF USE 
* 100 HOURS BATTERY RUNNING TIME. 1 PP3 (NOT SUPPLIED): 
* SINGLE CHANNEL RF MICROPHONE 174.23 OR 174.56MHz 

* MAINS ADAPTOR FOR RECEIVER SUPPLIED * FM LOCK INDICATOR 
& VOL CONTROL ON RECEIVER. PRICE:- £119.99 FREE UK P&P 













A new range of quality loudspeakers, designed to take 

advantage of the latest loudspeaker technology and 

enclosure designs. All models utilize high quality studio 
cast aluminium loudspeakers with factory fitted grilles, wide dispersion constant 
directivity horns, extruded aluminium corner protection and steel ball corners, 
complimented with heavy duty black covering. The enclosures are fitted as standard 
with top hats for optional loudspeaker stands. The FC15-300 incorporates a large 
16 X 6 inch horn. All cabinets are fitted with the latest Speakon*connectors 
for your convenience and safety. Five models to choose from 















DOA-ZO0Zz monoms 


PLEASE NOTE:- POWER RATINGS 
QUOTED ARE IN WATTS R.M.S. FOR 
EACH INDIVIDUAL CABINET. 
ALL ENCLOSURES ARE 8 OHM. 
15=15 inch speaker * 
Tapa inch speaker sso 
ibl FC15-300 WATTS Freq Range 35Hz-20KHz, Sens 101dB, Size H695 W502 D415mm 
PRICE:- £299.00 per pair 
ibl FC12-300 WATTS Freq Range 45Hz-20KHz, Sens 96dB, Size H600 W405 D300mm 
PRICE:- £249.00 per pair 
ibl FC12-200 WATTS Freq Range 40Hz-20KHz, Sens 97dB, Size H600 W405 D300mm 
PRICE:- £199.00 per pair 
ibl FC12-100 WATTS Freq Range 45Hz-20KHz, Sens 100dB, Size H546 W380 D300mm 
PRICE:- £179.00 per pair 
ibl WM12-200 WATTS Freq Range 40Hz-20KHz, Sens 97dB, Size H418 W600 D385mm 
PRICE:- £125.00 EACH 
SPECIALIST CARRIER DEL:- £12.50 per pair, Wedge Monitor £7.00 each 
Optional Metal Stands PRICE:- £49.00 per pair Delivery:- £6.00 


COLOSSUS POWER 


VERY HIGH POWER LOUDSPEAKERS 

THE COLOSSUS RANGE OF LOUDSPEAKERS ow 

ARE DESIGNED FOR USE IN SUPERIOR HIGH 

POWER OUTPUT SYSTEMS. ALL MODELS ARE 8 OHM 
COLOSSUS 12MB:-* 12 INCH * 450WATT R.M.S. 
* 900 WATTS PEAK * Sens 98 dB.* Res Freq.55 Hz. 
* Frequency Range 40 Hz-3.5KHzPRICE £129.00 
COLOSSUS 15XB:-* 15 INCH * 600WATTS R.M.S. 
* 1200 WATTS PEAK * Sens 99 dB * Res Freq.35 Hz. 
* Frequency Range 30 Hz-1.0KHz PRICE £159.00 


COLOSSUS 18XB:-* 18 INCH * 600WATTS R.M.S. 
* 1200 WATTS PEAK xSens 100dB.* Res Freq.30 Hz. 
* Frequency Range 27 Hz-1.0Kz PRICE £183.00 

ALL MODELS ARE DELIVERED CARRIAGE FREE(UK ONLY) 











SUPPLIED READY 
BUILT AND TESTED 

These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby marketi.e. Industry, Leisure, Instrumental and 
Hi-Fi etc. When comparing prices, NOTE that all models include toroidal power supply, integralheat sink, glass fibre 
P.C.B. and drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 
THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 
4 OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz - 
3dB, Damping Factor >300, Slew Rate 45V/uS, T.H.D 
typical 0.002%, Input Sensitivity 500mV, S.N.R. - 
110dB. Size 300 x 123 x 60mm. 

PRICE:- £42.85 + £4.00 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, T.H.D. 
typical 0.001%, Input Sensitivity 500mV, S.N.R. -110dB. 
Size 300 x 155 x 100mm. 


PRICE:- £66.35 + £4.00 P&P 


OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
« -30B, Damping Factor >300, Slew Rate 60V/uS, T.H.D. 
s typical 0.001%, Input Sensitivity 500mV, S.N-R. -110d0B. 
Size 330 x 175 x 100mm. 


PRICE:- £83.75 + £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
_ -3dB, Damping Factor >300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti- Thump Delay. Size 385 x 210 x 105mm. 
PRICE:- £135.85 +£6.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.MS. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti- Thump Delay. Size 422 x 300 x 125mm. 
PRICE:- £261.00 + £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. OR 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH S50KHz. ORDER STANDARD OR PEC 
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Multi-user site licence 
additional £500* 
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CD-ROM for Windows '95, '98 & NT. 


Topics range from Ohm's law and simple DC through AC theory to 
the latest PIC1I6F84 and PIC16C71 microcontrollers where the 
architecture and complete instruction set can be explored through 
the interactive graphics. Mathematics are developed from simple 
number systems to solving linear equations. Period tl’ 0.7 x OOO0HT x 10000 
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Actr OSCILLATORS: Astable Multivibrator. 





itl irc a! Period 't2'= 0.7 x .0000] x 25000 = 175 
Additions to V6 include:- Circuit theorems, Norton, Thevenin's & ee m 


Superposition... Magnetism & Electromagnetism... Motors, 
Generators & Transformers... Three phase systems... More on 


complex numbers... A beginners introduction to PIC’'s... (at See rose ite 
Statistics... Single page colour printing... Faster graphics... that there 1s virtually; 
PLUS: all the Electronics Toolbox routines, along with an Illustrated | input current therefor 
Components, Tools & Equipment Dictionary. means the voltage a 
A total of over 900 main menu selections. positions of 'R1' and 


Please telephone or visit our web site for more information. 


COMPLETE PC BASED ELECTRONICS, ELECTRICAL AND MATHEMATICS COURSE 
where the colourful interactive graphics make it ideally suited for both personal study and ‘eae 
a more enjoyable way of revising. Inductance = 250mH 


Currently used in hundreds of UK and overseas schools and colleges to support 
GCSE, A Level, City and Guilds, BTEC, GNVQ's and University courses. 


EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ. . 
Tel/Fax: 01376 514008. sales@eptsoft.demon.co.uk www.eptsoft.demon.co.uk 
*UK and EC countries add £2 per order for post & packing. VAT should be added to the total. 
Outside Europe £3.50 for air mail postage by return. 


Switch, Delta, Visa and Mastercard orders accepted - please give card number and expiry date. 
Cheques & Postal Orders should be made payable to EPT Educational software. 








